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ABSTRACT 
Benefits attributable to an ERS system in the resource 
management area of extensive use of living resources are in 
excess of $92.2 million 'annually. These benefits derive 
largely from the potential improvements in accuracy, timeli- 
ness, and completeness of inventories and related statistical 
information. An ERS system can provide these benefits by 
sup?lying the initial stage of a three stage sampling procedure 
for estimating critical variables. The timber and forage 
resources of the United States both have economic value in the 
tens of billions of dollars, but the economic benefits of 
improved management of the forests and rangelands are not 
limited to efficiency in the production of these commercial 
resources. The benefits involve the other multiple-use values 
as well, including watershed, wildlife, and recreation. 
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1.0 INTRODUCTION AND OVERVIEW: FORESTRY, 
WILDLIFE AND RANGELAND 
The natural resources of this area are distinguished 
from those of the other areas of the study by their renew- 
ability and the fact that they are not intensively used in the 
United States. Thus, wildlife, including sport fish are 
included, while domestic animals and commercial fish are aot. 
Timber and forage are included while farm crops and pasture 
are not. An important general characteristic of the resources 
of this area is that their values are interrelated -- hence, 
society's choice to limit intensive management for the 
dominant commercial products. For example, a timber stand 
provides harvestable growth of wood, while simultaneously 
providing soil stability (and cew humus), wildlife food and 
shelter, water, various recreational opportunities, and in 
some cases livestock forage. The investments required to 
maintain this multiple-use prc4uctivity would not be justified 
by the timber growth value alo..e, so that intensive management 
for timber would be destructive. Because of these value 
interrelationships, the management of the resources of this 
area is largely under public influence or control. Following 
is a summary of the facts on resource ownership, location, and 
management policy which are background to this study. 
1.1 Forest Areas and Ownership 
About one third of the total land area of the United 
States is classified as fcrest, or 751 million acres out of a 
total of 2.3 billion acres.* Of this forest land, about 
500 million acres is classified as commercial timberland, 
which means it is considered capable of producing crops of 
industrial wood and has not been withdrawn from this bsc. The 
remaining forest land, about 250 million acres, includes areas 
not capable of producing industrial wood because of low 
productivity, remoteness, or adverse topography, as well a4 
areas that have been withdrawn from timber commercialization 
to preserve their value for recreation, water production, 
grazing, wildlife habitat, and scenery. 
The commsrcial forest land is about 73 percent 
privately owne4, with the remaining 27 percent under the 
-- 
* Statistical information in this section is taken from The 
Outlook for Timber in the United States, Forest Resource 
-- 
~ e ~ o r c  No. 20, U.S. Forest Service, ~ c c o b e r ,  1973. 
administration of federal, state, and local governments, 
including about 1 percent held in trust for Indians. 
Noncom~ercial forest lands are about 25 percent in 
private ownership, 72 percent publicly owned, and 4 percent in 
trust for Indians. The interior of Alaska contains about 
106 million acres of forest land, all classed as noncommercial. 
About one fifth of this forest land meets the productivity 
standards for commercial timberland, but is not included in 
that category primarily because of its geographic and tconomic 
remoteness. Almost all land in Alaska is still in public 
ownership. 
Combining commercial and noncommercial forest land, 
the overall ownership breakdown is as follows: private 
ownership, 56 percent; public ownership, 42 percent; in trust 
for Indians, 2 parcent. 
In this report, the forests of the United States are 
studied as much as possible as one economic unit, independent 
of ownership. This viewpoint is appropriate for analysis of 
the impact of satellite information which is inherently 
aggregate and includes no reference to political or economic 
boundaries. 
1.2 Rangeland Areas --- and Owi~ersbip 
By rangeland* is meaiit land in large areas that sup- 
ports grasses suitable for livestock graziag. It is distin- 
guished from pasture in that it is a component of ranching 
operatibns, wtile pasture comes in comparatively small 
parcels and is a component of farming operations. Rangeland 
is managed primarily by the manipulation of the animals that 
gra2e on i t ,  while pastures are usually mana3ed much more 
intensively with the aid of cultural practices such as seeding, 
fertilization, cultivation and irrigation. About 30 percent 
of the rangeland in the United States is coextensive with 
forest land; that is, it supports both timber and grasses 
suitable for livestock grazing. 
Although each of the conterminous 48 States contains a 
significant amount of rai?geland, the Western States dominate, 
both in total rangeland area, and in proportion of the total 
land in range. Of the 1.9 billion acres total land in the 
- 
* The term "forest-range" is often used as we use rangeland 
here. See for example The Nation's Range Resources, 
Forest Resource Report No. 19, Forest Service, USDA, 
December, 1972. 
48  S t a t e s ,  1 . 2  b i l l i o n  is  ir. r . r g e .  The F e d e r a l  Government 
m a i n t a i n s  j u r i s d i c t i o n  o v e r  31 p e r c e n t  o f  t h e  r a n g e l a n d ,  o r  
3 7 3  m i l l i o n  a c r e s ,  w h i l e  n o n - F e d e r a l  owners  c o n t r o l  69 p e r c e n t ,  
o r  829  m i l l i o t ~  a c r e s .  
Wet lands  a s  W i l d l i f e  H a b i t a t  
The w i l d l i f e  r e s o u r c e  i s  managed t h r o u g h  management o f  
i t s  h a b i t a t ,  and r e m o t e l y  s e n s e d  i n f o r m a t i o n  t h a t  c a n  c o n t r i b -  
u t e  t o  w i l d l i f e  management i s  u s u a l l y  i n c a r m a t i o n  a b o u t  w i l d -  
l i f e  h a b i t a t .  The f o r e s t s  and  r a n g e l a n a ~  p r o v i d e  h a b i t a t  f o r  
much o f  t h e  w i l d l i f e  o f  t h e  U n i t e d  S t a t e s ,  b u t  a n o t h e r  
c a t e g o r y  o f  l a n d  i s  i m p o r t a n t  a s  w e l l .  Many s p e c i e s  depend  on 
w e t l a n d s  f o r  t h e i r  s u r v i v a l .  These  i n c l u d e  f i s h ,  w a t e r f o w l  
s u c h  a s  g e e s e ,  d u c k s ,  and s w a n s ,  and f u r b e a r e r s  s u c h  as  musk- 
r a t s ,  mink,  b e a v e r ,  and  o t t e r .  W e t l a n d s  a r e  a l s o  i m p o r t a n t  
f o r  marsh  b i r d s ,  d e e r ,  r a b b i t s ,  p h e a s a n t s ,  and g r o u s e .  
C o a s t a l  w e t l a n d s  a r e  t h e  o b j e c t  o f  s e v e r e  c o m p e t i t i o n  
among v a r i o u s  a l t e r n a t i v e  l a n d  u s e s  which a f f e c t  t h e i r  v a l u e  
a s  w i l d l i f e  h a b i t e t .  
The P r i v a t e  S e c t o r  and  F o r e s t  P o l i c y  
-
The m a n u f a c t u r e ,  d i s t r i b u t z o n ,  and s a l e  o f  t i m b e r  
p r o d u c t s  is  e n t i r e l y  a  p r i v a t e  u n d e r t a k i n g  i n  t h e  
U n i t e d  S t a t e s ,  a s  i s  a l m o s t  a l l  l o g g i n g .  T h u s ,  r e g a r d l e s s  o f  
who owns f o r e s t  l a n d  and i n v e s t s  i n  i t s  p r o d u c t i v i t y  a n d  
p r o t e c t i o n ,  t h e  h a r v e s t  o f  t i m b e r  and c o n v e r s i o n  i n t o  u s e t u l  
p r o d u c t s  is c a r r i e d  on i n  L manner d e t e r m i n e d  by t h e  
c h a r a c t e r i s t i c s  o f  t h e  p r i v a t e  l o g g i n g  and f o r e s t  p r o d u c t  
m a n u f a c t u r i n g  i n d u s t r i e s .  
Simi.:. i r l y ,  t h e  r a i s i n g  o f  l i v e s t o c k  f o r  m e a t ,  h i d e s ,  
and woc l  i s  a  p r i v a t e  b u s i n e s s ,  and t h i s  g r 3 z i n g  i n d u s t r y  i s  
t h e  o n l y  means i n  e x i s t e n c e  o f  c o n v e r t i n g  t h e  f o r a g e  r e s o u r c e s  
o f  t h e  n a t i o n ' s  r a n g e l a n d s  i n t o  economic v a l u e .  
F o r e s t  r e c r e a t i o n  i s  p a r t l y  a  p r i - r a t e  b u s i n e s s  
a c t i v i t y ,  p a r t i c u l a r l y  t h e  i n t e n s i v e  f o r m s  s u c h  a s  s k i i n g  
and  t h e  p r o v i s i o n  o f  m e a l s  a n d  l o d g i n g ,  b u t  r e c r e a t i o n  i s  
l a r g e l y  p r o v i d e d  by p u b l i c  a g e n c i e s .  
The p r i v a t e  owners  o f  f o r e s t  l a n d  are o f  many d i f f e r e n t  
t y p e s  and u s e  t h e i r  p r o p e r t i e s  f o r  many d i f f e r e n t  p u r p o s e s .  
The F o r e s t  S e r v i c e  e s t i m a t e s  t h a t  f a r m e r s  own 2 6  p e r c e n t  o f  
t h e  oommerc ia l  f o r e s t  l a n d ,  m i s c e l l a n e o u s  p r i v a t e  o w n e r s  h o l d  
a n o t h e r  33  p e r c e n t ,  and  f o r e s t  i n d u s t r i e s  h o l d  1 4  p e r , d n t .  
A p p r o x i m a t ~ l y  20 ,000  companies  c o n s t i t u t e  t h i s  l a s t  c l a s s  
o f  o w n e r s h i p .  Four  m i l l i o n  f a r m e r s  a n d  o t h e r  i n d i v i d u a l s  h o l d  
s e p a r a t e  p r o p e r t i e s  c o n s t i t u t i n g  t h e  o t h e r  59 p e r c e n t .  
T h e r e  are d e f i n i t e  economies  o f  s c a l e  i n  f o r e s t  
management, s i n c e  most  f o r e s t r y  o p e r a t i o n s  c a n  b e  d o n e  o n l y  
w i t h  l a r g e  equ ipment ,  s k i l l e d  w o r k e r s ,  and  s e a s o n a l  c o n c e n t r a -  
t i o n  o f  a c t i v i t y .  S m a l l  f o r e s t  p r o p e r t i e s  c a n n o t  p r o d u c e  much 
n e t  income f o r  t h e i r  owners .  Thus t h e  s m a l l  p r o p e r t i e s  are 
owned h y  p e o p l e  whose main s o u r c e  o f  income--and p r i m a r y  
i n t e r e s t - - l i e s  e l s e w h e r e .  C a l y  a few o f  t h e  n a n i n d u s t r i a l  
p r o p e r t i e s  are l a r g e  enough t o  b e  i m p o r t a n t  s o u r c e s  o f  income. 
C o r p o r a t i o n s  s o m e t i m e s  h o l d  f o r e s t  l a n d  as  a n  i n v e s t m e n t ,  b u t  
t h e r e  c a n n o t  b e  v e r y  many o f  t h e s e  l a r g e  n o n i n d u s t r i a l  owner- 
s h i p s .  On t h e  a v e r a g e ,  t h e  n o n i n d u s t r i a l  o w n e r s h i p s  are much 
t o o  s m a l l  t o  be economic  as  i n d e p e n d e n t  t i m b e r  g r c w i n g  
v e n t u r e s ,  b u t  t h e  owners  are i n d e p e n d e n t  a n d  h a v e  l i t t l e  
m o t i v a t i o n  t o  b e  i n t e r e s t e d  i n  t h e  e f f e c t  of t h e i r  f o r e s t  
management p r a c t i c e s  on t h e  res t  o f  s o c i e t y .  
The i n d u s t r i a l  o w n e r s ,  o n  t h e  o t h e r  l a n d ,  c o n t r o l  
l a r g e r  p r o p e r t i e s  a n d  b e n e f i t  f rom t h e  e c o n o m i e s  of scale i n  
f o r e s t  management. The l a r g e r  o n e s  manage t h e i r  f o r e s t s  
r a t h e r  i n t e n s i v e l y .  They h a v e  a d e f i n i t e  economic  i n c e n t i v e  
t o  manage t h e i r  l a n d s .  S i n c e  t h i s  i n c e n t i v e  comes a l m o s t  
e n t i r e l y  f rom t h e  demand f o r  wood, however,  t h e i r  i n t e r e s t s  
a r e  c o n c e n t r a t e d  on t imber  as  t h e i r  f o r e s t  c r o p .  I n d u s t r i a l  
owners  r e s p o n d  more r e a d i l y  t o  t h e  d e s i r e s  o f  s o c i e t y  t h a n  t h e  
n o n i n d u s t r i a l  owners ,  p a r t l y  i n  m e e t i n g  t h e  m a r k e t  demand f o r  
wood p r o d u c t s ,  and p a r t l y  i n  r e c o g n i z i n g  t h e  p o t e n t i a l  t h r e a t  
of p u b l i c  c o n t r o l .  A s  a  r e s u l t ,  t h e  i n d u s t r i a l  o w n e r s h i p  
fo rms  a r e a s o n a b l y  e f f e c t i v e  i n s t i t u t i o n  f o r  e x e c u t i n g  f o r e s t  
p o l i c i e s .  
T h i s  c h a r a c t e r i s t i c  is  somewhat s t r e n g t h e n e d  by  t h e  
f a c t  t h a t  most  i n d u s t r i a l  owners  a r e  m e m b e r s  o f  o r g a n i z a t i o n s  
p r o v i d i n g  c o o r d i n a t i o n  i n  e x e c u t i n g  p o l i c i e s  a f f e c t i n g  t h e i r  
own l a n d s .  F o r  example ,  t h e  I n d u s t r i a l  F o r e s t r y  A s s o c i a t i o n  
and t h e  S o u t h e r n  F o r e s t  I n s t i t u t e  p r o v i d e  some s e r v i c e s  f o r  
t h e i r  m e m b e r s  and p r o v i d e  a mechanism t h r o u g h  which  g r o u p s  o f  
i n d u s t r i a l  owners  c a n  i n f l u e n c e  what  i n d i v i d u a l  companies  do.  
B e s i d e s  t h e  i n d u s t r i a l  f o r e s t r y  o r g a n i z a t i o n s ,  t h e r e  
a r e  many o t h e r  p r i v a t e  i n s t i t u t i o n s  f u n c t i o n i n g  i n  t h e  areas 
o f  f o r e s t  management a n d  p o l i c y .  The mos t  common t y p e  o f  
a c t i v i t y  i s  e d u c a t i o n a l .  The American F o r e s t  I n s t i t u t e ,  t h e  
F o r e s t  Fa rmers  A s s o c i a t i o n  C o o p e r a t i v e ,  a n d  t h e  N a t i o n a l  
W i l d l i f e  F e d e r a t i o n  p e r f o r m  e d u c a t i o n a l  f u n c t i o n s .  S e r v i c e s  
s u c h  a s  o r g a n i z e d  t r i p s  i n t o  w i l d e r n e s s  a r e a s ,  management 
a d v i c e  t o  f o r e s t  o w n e r s ,  and  t r a i l  m a i n t e n a n c e  f o r  h i k e r s  a r e  
p r o v i d e d  by v a r i o u s  o t h e r  p r i v a t e  c l u b s  and a s s o c i a t i o n s .  
T h e r e  is a g r o u p  o f  p r o f e s s i o n a l  s o c i e t i e s  i n c l u d i n g  
t h e  S o c i e t y  o f  American F o r e s t e r s ,  t h e  American S o c i e t y  o f  
Range Management, and  t h e  W i l d l i f e  S o c i e t y .  These  e x e r t  a 
c o n s i d e r a b l e  i n f l u e n c e  on t h e  way p r o f e s s i o n a l  c o n s e r v a t i o n -  
is ts  p e r f o r m  t h e i r  d u t i e s .  
Taken t o g e t h e r ,  t h e  o r g d n i z a t i o n s  meqt ioned  a b o v e  p l a y  
an  i m p o r t a n t  r o l e  i n  t h e  d e v e l o p ~ r e n t  and  e x e c u t i o n  o f  f o r e s t  
p o l i c i e s  i n  t h e  U n i t e d  S t a t e s .  
1 .5  F e d e r a l  Government F u n c t i o n s  
The f e d e r a l  government  h a s  a d u a l  r o l e  i n  f o r e s t  and  
r a n g e l a n d  management and  p o l i c y .  O r i g i n a l l y  it w a s  t h o u g h t  
t h a t  t h e  f o r e s t  and r a n g e l a n d s  s h o u l d  be o p e r a t e d  by  p r i v a t e  
e n t e r p r i s e  j u s t  as are l a n d s  which are s u i t a b l e  f o r  a g r i c u l -  
t u r e .  However, some o f  t h e  f o r e s t s  and  g r a s s l a n d s  w e r e  so 
s e r i o u s l y  a b u s e d  t h a t  it seemed i m p e r a t i v e  f o r  t h e  government  
t o  o p e r a t e  some o f  t h e s e  l a n d s  a s  p u b l i c  e n t e r p r i s e s  i n  o r d e r  
t o  e n s u r e  f u t u r e  s u p p l i e s  o f  f o r e s t  a n d  r a n g e  b e n e f i t s .  The 
p u b l i c  t h e r e f o r e  came i n t o  t h e  pe rmanen t  l a n d  management 
b u s i n e s s  by r e s e r v i n g  p a r t s  o f  t h e  p u b l i c  domain and  by 
a c q u i r i n g  o t h e r  l a n d s  from p r i v a t e  owners .  
A t  t h e  same t i m e  it was n e c e s s a r y  f o r  t h e  p u b l i c  t o  
t a k e  some a c t i o n  r e g a r d i n g  t h e  s u b s t a n t i a l  p a r t  o f  t h e  f o r e s t  
l a n d s  t h a t  r emained  i n  p r i v a t e  o w n e r s h ~ p .  C u r r e n t l y ,  t h e s e  . 
two a s p e c t s  o f  p u b l i c  a c t i o n  o v e r l a p  i n  many p l a c e s ,  a n d  some 
o f  t h e  i n s t i t u t i o n s  s e r v e  b o t h  f u n c t i o n s .  
C u r r e n t  f e d e r a l  government  p o l i c i e s  r e g a r d i n g  t h e  
f o r e s t s  and r a n g e l a n d s  a re  grounded  l a r g e l y  i n  t h e  1 9 6 0  
M u l t i p l e - U s e  S u s t a i n e d - Y i e l d  A c t ,  which s t a t e s  t h a t  " t h e  
n a t i o n a l  f o r e s t s  a r e  e s t a b l i s h e d  and  s h a l l  be a d m i n i s t e r e d  
f o r  o u t d o o r  r e c r e a t i o n ,  r a n g e ,  t i m b e r ,  w a t e r s h e d ,  a n d  w i l d l i f e  
and f i s h  p u r p o s e s . "  I n  d e f i n i n g  m u l t i p l e  u s e ,  t h e  A c t  
i n c l u d e s  t h e  l a n g u a g e :  "The management o f  a l l  t h e . . . r e s o u r c e s  
o f  t h e  n a t i o n a l  f o r e s t s . . . i n  t h e  c o m b i n a t i o n  t h a t  w i l l  b e s t  
meet t h e  n e e d s  o f  t h e  American p e o p l e ,  ... t h a t  some l a n d  w i l l  
be used  f o r  l.?ss t h a n  a l l  o f  t h e  r e s o u r c e s ; .  . .and n o t  
n e c e s s a r i l y  t h e  c o m b i n a t i o n  o f  u s e s  t h a t  w i l l  g i v e  t h e  
g r e a t e s t  u n i t  o u t p u t . "  T h i s  A c t  was i n t e n d e d  t o  g i v e  
l e g i s l a t i v e  s a n c t i o n  t o  l o n g - s t a n d i n g  p rograms  and p o l i c i e s  
and  t o  g i v e  a  c l e a r  n e g a t i v e  answer  t o  t h e  demands o f  t h e  
t i m b e r  i n d u s t r y  f o r  f i r s t  p r i o r i t y  i n  f o r e s t  r e s o u r z e  u s e .  
F o l l o w i n g  t h i s  l e g i s l a t i o n ,  t h e  W i l d e r n e s s  Law o f  
1964  a u t h o r i z e d  t h e  s e t t i n g  a s i d e  o f  o v e r  9  m i l l i o n  acres o n  
t h e  n a t i o n a l  f o r e s t s  a s  w i l d e r n e s s .  The law p r o v i d e d  t h a t  
s i m i l a r  a r e a s  may be e s t a b l i s h e d  a s  n a t i o n a l  p a r k s  a n d  
monuments and  n a t i o n a l  w i l d l i f e  r e f u g e s .  ~ l s o  i n  1964 ,  t h e  
Land a n d  Water C o n s e r v a t i o n  Fund A c t  p r o v i d e d  f o r  a l l o c a t i o n  
o f  f u n d s  t o  f e d e r a l  a g e n c i e s  a n d  t h e  s t a t e s  f o r  a c q u i s i t i o n  of 
o u t d o o r  r e c r e a t i o n  a r e a s .  The l e g i s l a t i v e  r e c o g n i t i o n  of 
w i l d l i f e  v a l u e s  w a s  enhanced  by  t h e  p a s s a g e  i n  1966  o f  t h e  
R a r e  a n d  Endangered S p e c i e s  A c t ,  d e c l a r i n g  i t  a n a t i o n a l  
p o l i c y  t o  p r o t e c t  s p e c i e s  o f  n a t i v e  f i s h  a n d  w i l d l i f e  
t h r e a t e n e d  w i t h  e x t i n c t i o n  and  t o  p r o t e c t  t h e i r  h a b i t a t .  
I n  a d d i t i o n  t o  t h e  1960  M u l t i p l e - U s e  S u s t a i n e d - Y i e l d  
A c t ,  a n  older ac t  p r o v i d e s  d i r e c t i o n  t o  f e d e r a l  f o r e s t r y  
p o l i c y .  T h i s  is  t h e  McSweeney-McHary A c t  o f  1928,  w i t h  i t s  
amendments and  s u p p l e m e n t s .  T h i s  A c t  s e r v e s  a s  t h e  b a s i s  for  
t h e  r e s e a r c h  s i d e  o f  t h e  f e d e r a l  a c t i v i t y  i n  f o r e s t r y ,  
i n c l u d i n g  t h e  F o r e s t  Survey .  
The new F o r e s t  and Rangeland E n v i r o n m e n t a l  Management 
A c t  o f  1974 r e c o g n i z e s  t h e  i m p o r t a n c e  o f  e f f i c i e n t  management 
o f  t h e  f o r e s t  and r a n g e l a n d  r e s o u r c e s  on a  c o o r d i n a t e d  
n a t i o n a l  b a s i s ,  w i t h  e m p h a s i s  o n  t h e i r  f i n i t e  and r e n e w a b l e  
n a t u r e .  S e c t i o n  3 o f  t h i s  A c t  e x p a n d s  t h e  r e s e a r c h  r e s p o n s i -  
b i l i t i e s  o f  t h e  F o r e s t  S e r v i c e ,  c a l l i n g  f o r  a p e r i o d i c  
" N a t i o n a l  Renewable Resource  A s s e s s m e n t , "  a n d  amending t h e  
McSweeney - McNary A c t  t o  c o v e r  a l l  r e n e w a b l e  r e s o u r c e s  of 
t h e  f o r e s t s  and  r a n g e l a n d s .  I n  a d d i t i o n ,  t h e  A c t  d i r e c t s  t h e  
p r e p a r a t i o n  o f  a "Renewable R e s o u r c e  Program -- f o r  p r o t e c t i o n ,  
management, a n d  d e v e l o p m e n t  o f  t h e  N a t i o n a l  F o r e s t  S y s t e m r n  
i n c l u d i n g  a n  a s s e s s m e n t  o f  o p p o r t u n i t i e s  a n d  n e e d s  f o r  p u b l i c  
and  p r i v a t e  i n v e s t m e n t s  a n d  t h e i r  a n t i c i p a t e d  b e n e f i t s .  
1.6 Summary o f  R e s u l t s  
~ e n e f i t s  t o  t h e  r e s o u r c e  management f u n c t i o n s  o f  t h i s  
a r e a  a r e  e s t i m a t e d  t o  b e  i n  e x c e s s  o f  $ 9 2 2  m i l l i o n .  T h i s  
f i g u r e  i s  t h e  p r e s e n t  v a l u e  a t  1 0  p e r c e n t  o f  a n  a n n u a l  b e n e f i t  
stream o f  $ 9 2 . 2  m i l l i o n .  Of t h i s  a n n u a l  b e n e f i t ,  $ 6 2 . 2  m i l l i o n  
i s  " h a r d ; "  w h i l e  t h e  r e m a i n i n g  $30 m i l l i o n  i s  a  l i t t l e  less 
c o n c l u s i v e l y  e s t a b l i s h e d .  These  q u a n t i f i e d  b e n e f i t s  a c c r u e  t o  
t h e  f o l l o w i n g  r e s o u r c e  management f u n c t i o n s :  De te rmine  t i m b e r  
volume by t y p e ,  l o c a t i o n ,  and o w n e r s h i p ;  p r e p a r e  r a n g e l a n d  
i n v e n t o r i e s ;  manage t i m b e r  h a r v e s t ;  manage l i v e s t o c k  g r a z i n g ;  
manage t i m b e r  p r o d u c t i o n  i n v e s t m e n t s ;  manage f o r a g e  p r o d u c t i o n  
i n v e s t m e n t s ;  make m u l t i p l e  u s e  a l l o c a t i o n  d e c i s i o n s .  The 
e x a c t  s c o p e  o f  e a c h  o f  t h e s e  f u n c t i o n s  i s  s p e c i f i e d  i n  
~ p p e n d i x  A .  T a b l e  1 on page  1-8  p r e s e n t s  t h e  q u a n t i t a t i v e  
b e n e f i t  e s t i m a t e s ,  b r o k e n  down by r e s o u r c e  management f u n c t i o n , .  
t y p e  o f  b e n e f i t ,  a n d  c o n c l u s i v e n e s s .  S u b s t a n t i a l  a d d i t i o n a l  
b e n e f i t s  e x i s t ,  b u t  n u m e r i c a l  v a l u e s  h a v e  b e e n  c a l c u l a t e d  
o n l y  as shown i n  T a b l e  1. The m a j o r  a d d i t i o n a l  b e n e f i t s  
i d e n t i f i e d  i n  t h i s  s t u d y  a r e  i n  t h e  f o l l o w i n g  r e s o u r c e  
management a c t i v i t i e s :  r e s e a r c h ;  c o n s e r v a t i o n ;  damage 
a s s e s s m e n t  and  p r e v e n t i o n t  a d m i n i s t r a t i v e ,  j u d i c i a l ,  and  
l e g i s l a t i v e  f u n c t i o n s .  A q u a l i t a t i v e  d i s c u s s i o n  o f  t h e s e  
b e n e f i t s  is i n c l u d e d  w i t h  t h e  d e t a i l e d  t r e a t m e n t . o f  e a c h  
r e s o u r c e  management f u n c t i o n  i n  Appendix A.  
The b e n e f i t s  a re  e s t i m a t e d  w i t h i n  a g e n e r a l  c o n c e p t u a l  
framework t h a t  r e g a r d s  t h e  f o r e s t s ,  r a n g e l a n d s ,  a n d  w i l d l i f e  
a r e a s  a s  c a p i t a l  a s s e t s ,  r e q u i r i n g  s p e c i f i c  i n v e s t m e n t s  t o  
p r o d u c e  v a l u a b l e  o u t p u t .  With  t h i s  v i e w p o i n t  it is p o s s i b l e  
t o  c a l c u l a t e  t h e  economic v a l u e  o f  t h e  r e s o u r c e s .  A s  w i t h  
o t h e r  c a p i t a l  a s s e t s ,  t h i s  i s  done by d i s c o u n t i n g  
( c a p i t a l i z i n g )  t h e  s t r e a m  of n e t  o u t p u t  v a l u e s  t h r o u g h  t i m e .  
Then t h e  b e n e f i t  o f  ERS i n f o r m a t i o n  i s  c a l c u l a t e d  as t--in 
d i f f e r e n c e  be tween  t h e  v a l u e  o f  t h e  asset  i n  t h e  p r e s e n c e  o f  
t h e  i n f o r m a t i o n  a n d  t h e  v a l u e  o f  t h e  a s s e t  i n  i t s  a b s e n c e .  
~ p p e n d i x  D c o n t a i n s  a  c a l c u l a t i o n  o f  t h e  v a l u e  o f  t h e  
t i m b e r  and f o r a g e  r e s o u r c e s  t o g e t h e r  w i t h  a n a l y s i s  o f  t h e  
c o s t  o f  " e r r o r *  i n  t imber h a r v e s t i n g  d e c i s i o n s .  The f o l l o w i n g  
i n f o r m a t i o n  from t h a t  a p p e n d i x  i s  e s s e n t i a l  f o r  t h e  u n d e r -  
s t a n d i n g  o f  t h e  b e n e f i t  c a l c u l a t i o n s .  
The commerc ia l  t i m b e r  r e s o u r c e  o f  t h e  U n i t e d  S t a t e s  
i s  w o r t h  a b o u t  $50 b i l l i o n  b a s e d  o n  i t s  1 9 7 0  l e v e l  o f  
p r o d u c t i o n .  The l i v e s t o c k  f o r a g e  r e s o u r c e  is  w o r t h  a b o u t  
$30 b i l l i o n  o n  t h e  same b a s i s .  Timber  is  managed f o r  
s u s t a i n e d  y i e l d ;  t h a t  i s ,  h a r v e s t i n g  p o l i c i e s  a r e  d e s i g n e d  
s o  t h a t  t h e  a n n u a l  c u t  i s  no more t h a n  c z n  be c o n t i n u e d  
i n d e f i n i t e l y .  T h i s  p r i n c i p l e  is e c o n o m i c a l l y  sound f o r  t h e  
owner o f  a c a p i t a l  a s s e t  t h a t  c a n  g e n e r a t e  a n n u a l  r e t u r n s  
c o m p e t i t i v e  w i t h  o t h e r  i n v e s t m e n t  o p p o r t u n i t i e s .  I n  t h i s  
s t u d y  it is assumed t h a t  t h e  U n i t e d  S t a t e s  economy p r o v i d e s  
ample i n v e s t m e n t  o p p o r t u n i t i e s  r e t u r n i n g  1 0  p e r c e n t .  Timber ,  
c o n s i d e r e d  i n d e p e n d e n t l y  o f  o t h e r  f o r e s t  r e s o u r c e  v a l u e s ,  
d o e s  n o t  r e t u r n  c l o s e  t o  1 0  p e r c e n t  p e r  y e a r ,  I n  f a c t ,  an  
upper  bound f o r  t h e  economic r e t u r n  p o s s i b l e  t o  a  t i m b e r  
owner from t h e  t i m b e r ' s  g rowth  i s  t h e  r a t i o  o f  t h e  a n n u a l  
g rowth  volume t o  t h e  i n v e n t o r y  volume.* T h i s  i s  t r u e  
i n d e p e n d e n t  o f  t i m b e r  p r i c e s ,  s i n c e  t h e y  a f f e c t  t h e  l i q u i d a -  
t i o n  v a l u e  of t h e  i n v e n t o r y  i n  t h e  same way a s  t h e y  a f f e c t  t h e  
v a l u e  o f  t h e  - a n n u a l  p r o d u c t i o n .  The a c t u a l  economic  r e t u r n  i s  
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less t h a n  t h e  r a t i o  o f  a n n u a l  g r o w t h  t o  i n v e n t o r y  b e c a u s e  j I 
i n v e s t m e n t s  must  be made t o  m a i n t a i n  t h e  g r o u t h .  I f  t imber  i s  i 
c o n s i d e r e d  i n d e p e n d e n t l y  o f  o t h e r  f o r e s t  r e s o u r c e  v a l u e s ,  i t  i 
is t h u s  i n  t h e  o w n e r ' s  economic  i n t e r e s t  t o  l i q u i 3 a t e  t h e  
t i m b e r  a n d  i n v e s t  t h e  p r o c e e d s  a t  1 0  p e r c e n t  o r  more. 
The i m p o r t a n c e  o f  t h i s  o b s e r v a t i o n  l i e s  i n  i t s  
i m p l i c a t i o n s  f o r  t h e  c o s t  o f  mismanagement o f  t h e  f o r e s t  
r e s o u r c e s .  Suppose  a segment  o f  t h e  U n i t e d  S t a t e s  c o m m e r c i a l  
t i m b e r l a n d  is  c u r r e n t l y  b e i n g  managed i n  a way t h a t  c o u l d  be 
m a i n t a i n e d  i n d e f i n i t e l y  u n d e r  c u r r e n t  t e c h n o l o g y .  Then,  i f  
b e c a u s e  o f  i n a c c u r a t e  i n v e n t o r y  i n f o r m a t i o n  o r  a n a l y s i s ,  
2 0  p e r c e n t  t o o  much t imber is  c u t  i n  o n e  y e a r ,  a n  a n a l y s i s  
b a s e d  on t imber v a l u e s  a l o n e  w i l l  a s s i g n  a b e n e , f i t , t o  t h i s  
e r r o r .  I n  f a c t ,  i t  i s  a cost, b u t  it c a n  b e  c a l c u l a t e d  o n l y  
t h r o u g h  c o n s i d e r a t i o n  o f  non- t imber  v a l u e s .  
The v a l u e  model of Appendix D p r o v i d e s  a m e a s u r e  o f  
t h e  c o s t  o f  o v e r c u t t i n g ,  a c c o r d i n g  t o  t h e  f o r m u l a .  
c o s t  = L ( 1 )  ( e - l n  ( l + e ) ) ,  
0 
Here, Lo is  t h e  " l i q u i d a t i o n "  v a l u e  o f  t h e  c u r r e n t  
( s u s t a i n e d  y i e l d )  i n v e n t o r y - - t h e  m a r k e t  v a l u e  o f  t h e  s tumpage.  
P i s  t h e  r a t i o  o f  a n n u a l  g r o w t h  to  i n v e n t o r y ,  a n d  v a r i e s  
a c c o r d i n g  t o  c l i m a t e ,  b i o l o g i c a l  f a c t o r s ,  a n d  i n t e n s i t y  o f  
management. r i s  t h e  d i s c o u n t  r a t e .  e i s  t h e  e r r o r  i n  
i n v e n t o r y  l e v e l  a s  a f r a c t i o n  o f  t h e  c o r r e c t  v a l u e  L  . 
0 
1 . 7  F u n c t i o n  o f  Remote S e n s i n g  
Remote s e n s o r s  p r o v i d e  i n f o r m a t i o n  w i t h  s e v e r a l  1 
i m p o r t a n t  g e n e r a l  c h a r a c t e r i s t i c s .  F i r s t ,  r e m o t e l y  s e n s e d  j 
I 
i n f o r m a t i o n  i s  e s s e n t i a l l y  o f  t h e  s u r v e y  a n d  i n v e n t o r y  t y p e  -- i 
t h a t  i s ,  it r e l a t e s  t o  t h e  q u e s t i o n  "How much o f  w h a t  i s  
where?"  r a t h e r  t h a n  t o  t h e  q u e s t i o n  "What w i l l  happen  when a 
c e r t a i n  a c t i o n  i s  t a k e n ? "  Second ,  i t  i s  t y p i c a l l y  synoptic. i , 
An i t e m  o f  r e m o t e l y  s e n s e d  d a t a  r e f e r s  t o  a w e i g h t e d  a v e r a g e  I 
o r  a g g r e g a t e  o f  t h e  p r o p e r t y  b e i n g  s e n s e d  o v e r  a  g e o g r a p h i c  ? 
a r e a .  I n  t h e  c a s e  of ERTS-1, t h e  area i s  a t  l e a s t  a n  a c r e .  
I n  some u s e s  o f  i n f o r m a t i o n ,  it i s  a d v a n t a g e o u s  t o  be a b l e  t o  
o b t a i n  a v e r a g e s  o r  a g g r e g a t e s  d i r e c t l y ,  r a t h e r  t h a n  h a v i n g  t o  
c a l c u l a t e  them from p o i n t - s p e c i f i c  d a t a .  A t h i r d  g e n e r a l  
c h a r a c t e r i s t i c  o f  r e m o t e l y  se - , sed  i n f o r m a t i o n  i s  t h a t  i t  
se ldom p r o v i d e s  a  d i r e c t  measurement  o f  t h e  v a r i a b l e s  of  
i n t e r e s t .  To make u s e  of s u c h  i n f o r m a t i o n ,  it i s  n e c e s s a r y  t o  
u n d e r s t a n d  how t h e  measured i n f o r m a t i o n  i s  c o r r e l a t e d  w i t h  t h e  
d e s i r e d  i n f o r m a t i o n .  T h i s  means t h a t  t h e  p r o c e d u r e s  f o r  
making t h e s e  c o r r e l a t i o n s  a r e  v e r y  i m p o r t a n t  f o r  making 
e f f i c i e n t  u s e  o f  r e m o t e l y - s e n s e d  i n f o r m a t i o n ,  and  f o r  e s t i m a -  
t i n g  i t s  v a l u e .  F o r  example ,  i n  u s i n g  r e m o t e  s e n s i n g  t o  
d e t e c t  i n s e c t  a c t i v i t y  i n  a  f o r e s t ,  i t  i s  n e c e s s a r y  t o  know 
w h e t h e r  i n s e c t  a c t i v i t y  c a u s e s  c h a n g e s  i n  s p e c t r a l  r e f l e c t a n c e  
c h a r a c t e r i s t i c s  o r  o t h e r  p r o p e r t i e s  s u s c e p t i b l e  t o  r e m o t e  
s e n s i n g .  
I n  v iew o f  t h e s e  c o n s i d e r a t i o n s ,  it i s  t o  b e  e x p e c t e d  
t h a t  r e m o t e l y - s e n s e d  i n f o r m a t i o n ,  and ERS i n f o r m a t i o n  i n  
p a r t i c u l a r ,  h a s  g r e a t e s t  v a l u e  a s  a  supplement t o  i n f o r m a t i o n  
d e r i v e d  from o t h e r  s o u r c e s ,  r a t h e r  t h a n  a s  a  substitute, and 
t h a t  t h e  r e a l i z a t i o n  o f  t h i s  v a l u e  w i l l  depend  o n  t h e  d e v e l o p -  
ment o f  new s y s t e m s  f o r  c o o r d i n a t i n g  t h e  u s e  o f  i n f o r m a t i o n  
f rom v a r i o u s  s o u r c e s .  
I n  t h e  case o f  t h e  f o r e s t s ,  i n v e n t o r i e s  a r e  accom- 
p l i s h e d  t h r o u g h  s a m p l i n g  p r o c e d u r e s  i n  which d i r e c t  xrieasure- 
m e n t s  from t h e  g r o u n d  p l a y  a  p a r t .  The t r a d i t i o n a l  u s e  o f  
r e m o t e l y  s e n s e d  d a t a  i s  t o  i n c o r p o r a t e  them i n t o  a m u l t i s t a g e  
s a m p l i n g  p r o c e d u r e ,  w i t h  economic  b e n e f i t  a c h i e v e d  t h r o u g h  
r e d u c t i o n  o f  t h e  amount o f  g roun?  work r e q u i r e d .  A i r c r a f t  
p h o t o g r a p h y  h a s  b e e n  used  i n  t h i s .  way. U n t i l  c o n s i d e r a t i o n  
w a s  g i v e n  t o  t h e  new p o t e n t i a l s  o f  s a t e l l i t e  i n f o r m a t i o n ,  t h e  
s p e c i f i c a t i o n s  on  a c c u r a c y  a n d  t i m e l i n e s s  o f  c o n v e n t i o n a l  
p r o c e d u r e s  w e r e  u s u a l l y  c o n s i d e r e d  a p p r o p r i a t e .  I n  t h e  p u b l i c  
s e c t o r  s u c h  s p e c i f i c a t i o n s  h a v e  b e e n  e s s e n t i a l l y  d e r i v e d  from 
b u d g e t s .  I f  t h e  s p e c i f i c a t i o n s  were  a p p r o p r i a t e ,  t h e n  t h e  
f u n c t i o n  of r e m o t e  s e n s i n g  t h r o u g h  a n  ERS s y s t e m  would b e  i n  
f u r t h e r  r e d u c i n g  i n v e n t o r y  c o s t s  and i n  h e l p i n g  t o  meet t h e s e  
s p e c i f i c a t i o n s .  However, w i t h  E R S  d a t a  comes t h e  p o s s i b i l i t y  
o f  c o n s i d e r a b l y  s u r p a s s i n g  t r a d i t i o n a l  s p e c i f i c a t i o n s  
b e c a u s e  o f  t h e  c o m p r e h e n s i v e n e s s  a n d  f r e q u e n c y  o f  a e r i a l  
c o v e r a g e .  I n  f a c t ,  t h o s e  v a r i a b l e s  t h a t  a r e  m e a s u r a b l e  from 
t h e  ERS d i s t a n c o  c a n  b e  o b t a i n e d  a t  as h i g h  a r e s o l u t i o n  l e v e l  
i n  t i m e  and s p a c e  a s  i s  u s e f u l  i n  d e s c r i b i n g  a  g r o w i n g  f o r e s t  
( p o s s i b l y  e x c e p t i n g  f i r e  a n d  i n s e c t  damage d e s c r i p t o r s ) .  
Because  o f  t h i s ,  i t  may b e  p o s s i b l e  t o  v i r t u a l l y  e l i m i n a t e  t h e  
c o s t s  o f  e r r o r s  i n  f o r e s t  measurement ,  w i t h o u t  i n c r e a s e  i n  t h e  
c o s t s  o f  f o r e s t  management p r o c e d u r e s .  
A s  a n  i n d i c a t i o n  o f  t h e  c a p a b i l i t y  o f  ERTS-1 i n  
o b s e r v a t i o n  o f  t h e  f o r e s t  r e s o u r c e s ,  F i g u r e  1 o n  p a g e  1-11 
c o n t a i n s  a  J u l y ,  1972 image o f  a  f o r e s t e d  a r e a  i n  A l a s k a ,  
a b o u t  200 miles Nor th  o f  F a i r b a n k s  showing a f o r e s t  f i r e  i n  
p r o g r e s s  and s e v e r a l  s c a r s  from p r e v i o u s  f i r e s  o f  v a r i o u s  a g e s .  
The image shown i s  a  fake-image c o m p o s i t e  o f  MSS b a n d s  4 , 5 ,  
and 7 ,  r e p r e s e n t e d  a s  y e l l o w ,  r e d ,  and a q u a ,  r e s p e c t i v e l y .  
Figure  1 ERTS-1 Image of Area in A l a s k a  
Showing Forest Fire 
The a c t i v e  f i r e  i n  t h e  u p p e r  r i g h t  i s  c l e a r l y  shown a s  
heavy  b l a c k  w i t h  smoke d i s s i p a t i n g  t o w a r d  t h e  l e f t .  F i r e  
s c a r s  a p p e a r  a s  b l a c k  a r e a s ,  m o d i f i e d  by a d m i x t u r e  o f  t h e  
s p e c t r a l  b a n d s  i n d i c a t i n g  t h e  e x t e n t  o f  r e g r o w t h .  The v e g e t a -  
t i o n  t y p e s  a r e  v i s u a l l y  d i s t i n g u i s h a b l e  t o  some e x t e n t .  The 
d e e p e r  r e d  r e p r e s e n t s  h e a v i l y  wooded a r e a s ,  w h i l e  t h e  r e d  
m o d i f i e d  by y e l l o w  i n d i c a t e s  v e g e t a t i o n  o f  o t h e r  t y p e s .  Lakes  
and  r i v e r s  a r e  e a s i l y  d i s t i n g u i s h e d  i n  d a r k  s h a d e s  o f  b l u e  and  
i n  b l a c k .  C l o u d s  a r e  shown a s  w h i t e ,  a n d  t h e i r  shadows a r e  
shown a s  b l a c k  a r e a s  o f  c o r r e s p o n d i n g  s i z e  and  s h a p e .  
A l l  t h i s  i s  i s m e d i a t e l y  e v i d e n t  f rom t h e  v i s u a l  
d i s p l a y .  F o r  a n  e x p e r i e n c e d  u s e r  of  ERTS-1 d a t a ,  a much more 
d e t a i l e d  i n t e r p r e t a t i o n  i s  p o s s i b l e .  F u r t h e r ,  t h e  t e c h n o l o g y  
f o r  a u t o m a t i c  d a t a  p r o c e s s i n g  o f  t h e  c o n t e n t s  o f  t h e  ERTS 
t a p e s  is r a p i d l y  d e v e l o p i n g .  T h i s  p e r m i t s  b o t h  v i s u a l  
d i s p l a y s  w i t h  enhancement  o f  k e y  f e a t u r e s  and  d i r e c t  i n p u t  o f  
t h e  d a t a  i n t o  management i n f o r m a t i o n  s y s t e m s . *  
1.8 C a r t o g r a p h y ,  T h e m a t i c  Maps, a n d  V i s u a l  D i s p l a y s  
A s  d i s c u s s e d  i n  t h e  r e s o u r c e  v a l u e  model  o f  
Appendix D ,  i n f o r m a t i o n  o f  t h e  s u r v e y  and i n v e n t o r y  t y p e  i s  d' 
r e q u i r e m e n t  f o r  t h e  p r o d u c t i o n  o f  economic  v a l u e  from t h e  
f o r e s t s  and r a n g e l a n d s .  The i n f o r m a t i o n a l  p r o d u c t s  o f  t h i s  
r e s o u r c e  management a c t i v i t y  a r e  u s e d  b o t h  a s  a i d s  i n  
p r e p a r i n g  more complex i n f o r m a t i o n a l  p r o C u c t s  s u c h  as  
s t a t i s t i c a l  s e r v i c e s  a n d  r e s e a r c h  r e s u l t ; ,  and  d i r e c t l y  i n  t h e  
management of  r e s o u r c e s .  The u s e  o f  ERTS-1 d a t a  i n  p r e p a r i n g  
maps and v i s u a l  d i s p l a y s  h a s  p r o c e e d e d  i n  two d i r e c t i o n s .  I n  
o n e  d i r e c t i o n ,  o n e  a t t e m p t s  t o  m i m i c  p h o t o g r a p h y  o r  d i r e c t  
v i s u a l  o b s e r v a t i o n ,  d e p e n d i n g  on  a  human i n t e r p r e t e r  t o  d e t e c t  
o x  even  m e a s u r e ,  phenomena o f  i n t e r e s t .  When t h i s  i s  done ,  
t h e  p o t e n t i a l  f o r  o b t a i n i n g  u s e f u l  i n f o r m a t i o n  i s  l i m i t e d  n o t  
o n l y ' b y  t h e  r e s o l u t i o n  o f  t h e  ERTS d a t a  s y s t e m ,  b u t  a l s o  by 
t h e  i n t e r p r e t a t i o n  s k i l l s  o f  t h e  human i n t e r p r e t e r .  Equa l  
c a p a b i l i t y  and i n c r e a s e d  c a p a b i l i t y  b e n e f i t s  c a n  b e  c a l c u l a t e d  
f o r  s u c h  a p p l i c a t i o n s ,  b u t  t h e y  t e n d  t o  b e  s m a l l  i n  c o m p a r i s o n  
w i t h  t h e  new c a p a b i l i t y  b e n e f i t s  o b t a i n a b l e  t h r o u g h  more 
s o p h i s t i c a t e d  u s e  o f  t h e  d a t a .  F u r t h e r ,  a  s u b s t a n t i a l  p a r t  o f  
t h e s e  c o s t  s a v i n g s  c a n  b e  a t t r i b u t e d  t o  t h e  p r o d u c t i o n  o f  t h e  
b a s e  t o p o g r a p h i c  maps by t h e  U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y  
and  t h i s  b e n e f i t  i s  d i s c u s s e d  u n d e r  r e s o u r c e  a r e a  number 5 ,  
N o n r e p l e n i s h a b l e  N a t u r a l  R e s o u r c e s  (Volume V I I  o f  t h i s  s t u d y ) .  
U n t i l  1 9 7 3 ,  t h e  v a r i o u s  f e d e r a l  a g e n c i e s  w i t h  r e s p o n s i -  
b i l i t i e s  i n  t h e  p r e p a r a t i o n  o f  maps and s u r v e y s  p r e p a r e d  b a s e  
maps i n d e p e n d e n t l y .  I n  t h a t  y e a r ,  however ,  a n  OMB t a s k  f o r c e  
* Fo- an example  o f  an  ERTS image o f  a r a n g e l a n d  a r e a ,  s e e  
F i g u r e  1 . 5  of  Volume I o f  t h i s  r e p o r t .  
r e p o r t  on mapping,  c a r t o g r a p h y ,  and  s u r v e y i n g *  p r o p o s e d  a  more 
c e n t r a l i z e d  f e d e r a l  mapping p r o c e s s  t o  l i m i t  u n n e c e s s a r y  d u p l i -  
c a t i o n .  C u r r e n t l y ,  e x c e p t  f o r  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e ,  
a l l  c i v i l  f e d e r a l  a g e n c i e s  o b t a i n  b a s i c  t o p o g r a p h i c  maps made 
by t h e  G e o l o g i c a l  SUXvey. 
New c a p a b i l i t y  b e n e f i t s  a re  a c h i e v a b l e  t h r o u g h  more o r  
l e s s  s o p h i s t i c a t e d  t e c h n i q u e s  o f  p r o c e s s i n g  t h e  d i g i t a l  d a t a ,  
r e s u l t i n g  i n  d i s p l a y s  which e n h a n c e  t h e  i n t e r p r e t a t i o n  powers  
o f  t h e  human u s e r s .  Such p r o c e d u r e s  h a v e  b e e n  d e v e l o p e d  by 
v a r i o u s  experimenters f o r  t h e  c l a s s i f i c a t i o n  o f  v e g e t a t i o n  by 
s p e c i e s  and c o n d i t i o n .  F o r  exa: .p le ,  Baumgardner ,  K r i s t o f ,  and 
Henderson a t  Purdue  U n i v e r s i t y  h a v e  made e f f e c t i v e  u s e  o f  
ERTS-1 d a t a  i n  mapping s o i l s  a n d  v e g e t a t i o n  i n  Lynn County ,  
T e x a s .  T h e i r  t e c h n i q u e s  c o u l d  be a p p l i e d  t o  o t h e r  a r i b - s e m i -  
a r i d  r e g i o n s ,  s u c h  a s  c o v e r  o n e  t h i r d  o f  t h e  w o r l d ' s  l a n d  
a r e a .  The b e n e f i t s  a c h i e v a b l e  t h r o u g h  improved  mapping 
methods  p r o d u c i n g  more c o m p r e h e n s i v e  o r  t i m e l y  i n f o r m a t i o n  
a r e  c l o s e l y  r e l a t e d  t o  t h o s e  o f  t h e  a s s o c i a t e d  s t a t i s t i c a l  
i n f o r m a t i o n  and t h e  management a c t i v i t i e s  t h e y  s u p p o r t .  
T h e r e f o r e ,  t h e y  a r e  n o t  q u a n t i f i e d  i n  t h i s  s e c t i o n ,  b u t  a r e  
i n c l u d e d  i n  t h e  c a l c u l a t i o n s  o f  l a t e r  s e c t i o n s .  
The l e g i s l a t i o n  which i m p l i e s  m o s t  o f  t h e  f e d e r a l  
a c t i v i t y  i n  mapping o f  e x t e n s i v e  r e s o u r c e s  d o e s  n o t  s p e c i f y  
mapping d i r e c t l y ,  b u t  m a n d a t e s  t h e  p r e p a r a t i o n  o f  i n v e n t o r i e s  
and  o t h e r  n e c e s s a r y  management i n f o r m a t i o n .  T h e s e  l a w s  are 
d i s c u s s e d  5.n Appendix B. 
Some d e t a i l  o n  t h e  p a r t i c u l a r  r e s o u r c e  management 
f u n c t i o n s  o f  t h i s  r e s o u r c e  management a c t i v i k y  and t h e  c u r r e n t  
ERTS-1 e x p e r i m e n t a l  work i s  p r o v i d e d  i n  Appendix  A ,  
S e c t i o n s  2 .1 .1  t h r o u g h  2.1.4.  
1 .9  S t a t i s t i c a l  S e r v i c e s  
Equa l  c a p a b i l i t y  an , :  i n c r e a s e d  c a p a b i l i t y  b e n e f i t s ,  
t o t a l l i n g  $ 4 . 9  m i l l i o n  a n n u a l l y ,  a r e  e s t i m a t e d  w i t h i n  t h i s  
a c t i v i t y  f o r  f o r e s t  i n v e n t o r i e s  and   angela and i n v e n t o r i e s .  To 
f a c i l i t a t e  p r e s e n t a t i o n  o f  t h e  ERTS-1 c a p a b i l i t i e s  and t h e  
c a p a b i l i t i e s  o f  r e m o t e  s e n s i n g  t e c h n i q u e s ,  t h e  i n d i v i d u a l  RMF's  
a r e  d e f i n e d  t o  s p e c i f y  t h e  c o l l e c t i o n  or p r o d u c t i o n  o f  p a r t i c -  
u l a r  c l a s s e s  o f  d a t a  w i t h i n  t h e  i n v e n t o r y  p r o c e s s .  F o r  
example ,  d e t e r m i n a t i o n  o f  t i m b e r  volume a n d  d e t e r m i n a t i o n  o f  
f o r e s t  a r e a  a r e  s e p a r a t e  RMF's, t h o u g h  b o t h  a r e  p r o d u c t s  o f  
t h e  t i m b e r  i n v e n t o r y  p r o c e s s  a s  u s u a l l y  c o n d u c t e d .  F o r  e q u a l  
* O f f i c e  o f  Management and Budge t ,  F e d e r a l  Task  F o r c e  on 
Mappinq, Wash ing ton ,  D . C . ,  1973.  
c a p a b i l i t y  b e n e f i t  e s t i m a t i o n ,  i t  i s  n o t  m e a n i n g f u l  t o  
s e p a r a t e  t h e s e  f u n c t i o n s .  A c c o r d i n g l y ,  t h e  b e n e f i t s  c a l c u l a t e d  
u n d e r  RMF 2 . 2 . 1  ( d e t e r m i n e  f o r e s t  t i m b e r  volume by t y p e ,  
l o c a t i o n ,  and  o w n e r s h i p )  a p p l i e s  t o  t h e  e n t i r e  i n v e n t o r y  
p r o c e s s  o f  t h e  f o r e s t  s u r v e y .  S i m i l a r l y ,  t h e  b e n e f i t s  c a l -  
c u l a t e d  u n d e r  RMF 2 .2 .7  ( p r e p a r e  r a n g e l a n d  i n v e n t o r i e s )  
i n c l u d e  any  c o s t  s a v i n g s  t h a t  c o u l d  b e  a s s o c i a t e d  w i t h  
RMF'S 2 . 2 . 8  ( m e a s u r e  r a n g e l a n d  y i e l d )  and 2 .2 .10  ( a s s e s s  
r a n g s  f o r a g e  k o n d i t i o n s )  . 
S t a t i s t i c a l  s e r v i c e s  a r e  a  n e c e s s a r y  p a r t  o f  t h e  
p r o c e s s  o f  p r o d u c i n g  u s a b l e  o u t p u t  f rom t h e  f o r e s t s  and  r a n g e -  
l a n d s .  I n v e n t o r y  s t a t i s t i c s  s u c h  a s  t h o s e  o f  RMF's 2.2.1,  
2 .2 .2 ,  2 .2 .5 ,  and  2 .2 .7 ,  a r e  a d i r e c t  o p e r a t i n g  management 
r e q u i r e m e n t ,  w h i l e  r e l a t e d  s t a t i s t i c s  d i s c u s s e d  u n d e r  t h e  
o t h e r  RMF's o f  t h i s  a r e a  are n e e d e d  i n  t h e  p l a n n i n g  o f  o p e r a -  
t i o n s  a n d  i n  s e t t i q g  p o l i c y .  T h e s e  i n f o r m a t i o n  u s e s  a r e  
w i t h i n  t h e  c l a s s i f i c a t i o n  o f  " i n p u t s  t o  t h e  p r o d u c t i o n  
f u n c t i o n "  as  d i s c u s s e d  i n  Appendix  D.  B u t ,  s t a t i s t i c a l  
s e r v i c e s  p r o d u c e d  b y  a l l  t h e  RMF's o f  t h i s  a r e a  a r e  a l s o  u s e d  
i n  r e s e a r c h  a c t i v i t i e s  -- a c t i v i t i e s  d i r e c t e d  a t  c h a n g i n g  t h e  
" p r o d u c t i o n  f u n c t i o n H  i t s e l f .  
Some s t a t i s t i c a l  work i s  p e r f o r m e d  only f o r  t h e  
p u r p o s e  of d i r e c t  management a n d  p l a n n i n g  a c t i v i t i e s .  T h i s  
work i s  d i s c u s s e d  u n d e r  t h e  RMF c a t e g o r y  2.4 ( A l l o c a t i o r . ) ,  and  
i n c l u d e s  t h e  "management p l a n n i n g "  i n v e n t o r y  and  t h e  " s i l v i -  
c u l t u r a l  e x a m i n a t i o n  p rogram"  c o n d u c t e d  by t h e  D i v i s i o n  o f  
Timber  Management o f  t h e  F o r e s t  S e r v i c e .  
The f e d e r a l  government  i s  a c t i v e  i n  t h e  a r e a  o f  
s t a t i s t i c a l  s e r v i c e s  c o v e r i n g  t h e  e x t e n s i v e  u s e  o f  l i v i n g  
r e s o u r c e s  p r i m a r i l y  t h r o u g h  t h e  F o r e s t  S e r v i c e ,  t h e  S o i l  
C o n s e r v a t i o n  S e r v i c e ,  t h e  Bureau  o f  Land Management, and  t h e  
Bureau  o f  I n d i a n  A f f a i r s .  (The g e n e r a l  r e s o u r c e  management 
r e s p o n s i b i l i t i e s  o f  t h e s e  a g e n c i e s  a r e  t r e a t e d  i n  Appendix  B). 
By d i r e c t i o n  of McSweeney-McNary A c t  o f  1928 ,  t h e  
F o r e s t  S e r v i c e  i s  r e s p o n s i b l e  f o r  c o n d u c t i n g  a  c o n t i n u o u s  
s u r v e y  o f  f o r e s t  r e s o u r c e s  i n  t h e  U n i t e d  S t a t e s .  T h i s  a c t  
( a s  amended) d i r e c t s  t h e  S e c r e t a r y  o f  A g r i c u l t u r e  t o  "make 
a ~ d  k e e p  c u r r e n t  a s u r v e y  and a n a l y s i s  o f  t h e  p r e s e n t  and 
p r o s p e c t i v e  c o n d i t i o n s  o f  a n d  r e q u i r e m e n t s  f o r  t h e  r e n e w a b l e  
r e s o u r c e s  of t h e  f o r e s t  and r a n g e l a n d s  o f  t h e  U n i t e d  S t a t e s ,  
i t s  t e r r i t o r i e s  and p o s s e s s i o n s ,  and  o f  t h e  s u p p l i e s  o f  s u c h  
r e n e w a b l e  r e s o u r c e s ,  i n c l u d i n g  a  d e t e r m i n a t i o n  o f  t h e  p r e s e n t  
and p o t e n t i a l  p r o d u c t i v i t y  o f  t h e  l a n d ,  and  o f  s u c h  o t h e r  
f a c t s  a s  may b e  n e c e s s a r y  and  u s e f u l  i n  t h e  d e t e r m i n a t i o n  o f  
ways and means needed t o  b a l a n c e  t h e  demand f o r  and s u p p l y  o f  
t h e s e  r e n e w a b l e  r e s o u r c e s ,  b e n e f i t s  2nd u s e s  i n  m e e t i ~ g  t h e  
n e e d s  o f  t h e  p e o p l e  o f  t h e  U n i t e d  S t a t e s . "  
The  s u r v e y  a u t h o r i z e d  b y  t h e  McSwecney-McNary A c t  i s  
c o n d u c t e d  by  t h e  F o r e s t  S u r v e y  B r a n c h  o f  t h c  Y o r e s t  Economics  
a n d  M a r k e t i n g  R e s e a r c h  D i v i s i o n  o f  t h e  F o r e s t  S e r v i c e .  
A d h e r i n g  t o  t h e  n a t i o n a l  e m p h a s i s  o f  t h e  a c t ,  t h e  
F o r e s t  S u r v e y  a d m i n i s t r a t o r s  a l s o  a s s i s t  w i t h  a n d  i n  many 
c a s e s  d i r e c t  t h e  s u r v e y s  o f  t h e  B u r e a u  of I n d i a n  A f f a i r s ,  t h e  
B u r e a u  o f  Land Management,  The T e n n e s s e e  V a l l e y  A u t h o r i t y ,  
s t a t e  f o r e s t r y  a g e n c i e s ,  a n d  p r i v a t e  i n d u s t r y .  
Tile  new F o r e s t  a n d  R a n g e l a n d  E n v i r o n m e n t a l  Management 
A c t  o f  1 9 7 4  d i r e c t s  t h e  F o r e s t  S e r v i c e  t o  " p r e p a r e  a N a t i o n a l  
Renewab le  R e s o u r c e  A s s e s s m e n t  . . . The A s s e s s m e n t  s h a l l  b e  
p r e p a r e d  n o t  l a t e r  t h a n  December 31 ,  1 9 7 4 ,  a n d  shall b e  u p d a t e d  
u p d a t e d  d u r i n g  1 9 7 9  a n d  e a c h  t e n t h  y e a r  t h e r e a f t e r ,  a n d  s h a l l  
i n c l u d e :  
(1) a n  a n a l y s i s  o f  p r e s e n t  a n d  a n t i c i p a t e d  u s e s ,  
demand f a r ,  a n d  s u p p l y  o f  t h e s e  r e n e w a b l e  
r e s o u r c e s ,  w i t h  c o n s i d e r a t i o n  o f  t h e  i n t e r -  
n a t i o n a l  r e s o u r c e  s i t u a t i o n ,  a n d  a n  e m p h a s i s  
of  p e r t i n e n t  s u p p l y  and  demand a n d  p r i c e  
r e l a t i o n s h i p  t r e n d s ;  
( 2 )  a g e n e r a l  i n v e n t o r y  o f  t h e s e  p r e s e n t  a n d  
p o t e n t i a l  r z n e w a b l e  r e s o u r c e s  a n d  o p p o r t u n i t i e s  
f o r  i m p r o v i n g  t h e i r  y i e l d  o f  t a n g i b l e  a n d  
i n t a n g i b l e  g o o d s  a n d  s e r v i c e s  t o g e t h e r  w i t h  
e s t i m a t e s  o f  i n v e s t m e n t  c o s t s  a n d  d i r e c t  a n d  
i n d i r e c t  r e t u r n s  t o  t h e  F e d e r a l  Governmen t ;  
( 3 )  a  d e s c r i p t i o n  o f  F o r e s t  S e r v i c e  p r o g r a m s  a n d  
r e s p o n s i b i l i t i e s  i n  r e s e a r c h ,  c o o p e r a t i v e  
p r o g r a m s ,  a n d  management  o f  t h e  N a t i o n a l  F o r e s t  
S y s t e m ,  t h e i r  i n t e r r e l a t i o n s h i p s ,  a n d  t h e  
r e l a t i o n s h i p  o f  t h e s e  p r o g r a m s  a n d  r e s p o n s i b i l i -  
t i e s  t o  p u b l i c  a n d  p r i v a t e  a c t i v i t i e s r  a n d  
( 4 1  a  d i s c u s s i o n  o f  i m p o r t a n t  p o l i c y  c o n s i d e r a t i o n s ,  
l a w s ,  r e g u l a t i o n s ,  a n d  o t h e r  f a c t o r s  e x p e c t e d  t o  
s i g n i f i c a n t l y  i n f l u e n c e  a n d  a f f e c t  t h e  u s e ,  
o w n e r s h i p ,  a n d  management  o f  t h e s e  l a n d s .  " 
C u r r e n t  f o r e s t  i n v e n t o r y  p r o c e d u r e s  u s e d  by t h e  F o r e s t  
S u r v e y  i n c l u d e  t w o - s t a g e  s a m p l i n g .  The f i r s t  s t a g e  c o n s i s t s  
o f  a e r i a l  p h o t o g r a p h y  o f  f o r e s t  l a n d s  by  s t a t e .  S u r v e y  
e x p e r t s  d e t e r m i n e  f rom t h e  a e r i a l  p h o t o g r a p h s  w h i c h  s p e c i f i c  
a r e a s  a r c  t o  b e  examined i n  d e t a i l .  The s e c o n d  s t a g e  i s  p e r -  
formed by g r o e n d  c r e w s  who s u r v e y  t h e  s p e c i f i c  p a r c e l s  o f  
f o r e s t  c h o s e n  by t h e  s t a g e - o n e  p r o c e s s .  Sample p l o t s  a r e  
e s t a b l i s h e d  by t h e  g r o u n d  c r e w s  and measured  a s  t o  a r e a ,  
volume,  g r o w t h  r a t e s ,  q p e c i e s ,  and m o r t a l i t y  r a t e .  T h e s e  
s a m p l e  p l o t s  a r e  t h e  s . : a t i s t i c a l  b a s e  u s e d  i n  comput ing  t h e  
o v e r a l l  s t a t e - w i d e  s J r v e y  d a t a .  Beyond t h e  s a m p l e  p l o t s ,  
t h e s e  c r e w s  a l s o  v i s i t  t h o s e  a r e a s  t h a t  may b e  d i s t u r b e d  by 
i n s e c t s ,  e r o s i o n ,  o r  f i r e ,  a s  i n d i c a t e d  by t h e  a e r i a l  
o b s e r v a t i o n s .  
W i t h i n  t h e  F o r e s t  S e r v i c e ,  t h e  S u r v e y  i s  c o n d u c t e d  by 
t h e  s i x  r e g i o n a l  e x p e r i m e n t a l  s t a t i o n s .  The D i v i s i o n  o f  
Economics  and M a r k e t i n g  p u b l i s h e s  t h e  r e s u l t s  o f  t h i s  wor' 
i n c l u d i n g  c o m p r e h e n s i v e  i n f o r m a t i o n  on t h e  e x t e n t ,  c o n d i t . * .  
volume,  and q u a l i t y  o f  t i m b e r  r e s o u r c r s .  The 1974 a p p r o p ~ , , ~  
t i o n  f o r  t h i s  s u r v e y  amounted t o  $3 .433 m i l l i o n  w h i l e  t h e   AS,^ 
e s t i m a t e  i s  $3.829 m i l l i o n .  Though t h e  F o r e s t  S u r v e y  h o p e s  t o  
r e d u c e  t h e  i n t e r v a l  b e t w e e n  s u r v e y  r e p o r t s  t o  f i v e  y e a r s ,  p a s t  
s u r v e y s  h a v e  b e e n  a p p r o x i m a t e l y  t e n  y e a r s  a p a r t .  "Thus ,  t h e  
f i r s t  s u r v e y  undex t h e  a c t  was p u b l i s h e d  i n  1 9 4 5 ;  t h e  s e c o n d ,  
known a s  t h e  'Timber  R e s o u r c e s  Rev iew ' ,  i n  1953 ;  and  t h e  t h i r d  
e n t i t l e d  'Timber  T r e n d s '  i n  1963 . "*  
The mos t  r e c e n t  o f  t h e s e  s t u d i e s  i s  c a l l e d  "The T i m k , e r  
O u t l o o k  f o r  t h e  U n i t e d  S t a t e s ,  1970."** T h e s e  s t u d i e s  concen-  
t r a t e  on f o u r  p r i n c i p a l  p a r a m e t e r s :  (1) f o r e s t  a r e a ;  
(2) i n v e n t o r y  volume;  ( 3 )  g r o w t h ;  a n d  ( 4 )  r e m o v a l s .  T h e s e  
f o u r  p a r a m e t e r s  a r e  b r o k e n  down and d i s c u s s e d  i n  v a r i o u s  ways ,  
and  p r o j e c t i o n s  o f  a l l  f o u r  a r e  made f o r  f u t u r e  l e v e l s .  
Timber  s u p p l y  p r o j e c t i o n s  a r e  d e v e l o p e d  from t h e s e  b a s i c  d a t a  
and  o t h e r  a s s u m p t i o n s  on management p r o c e d u r e s  and consurnp- 
t i o n  p a t t e r n s .  
C u r r e n t  work o f  t h e  F o r e s t  S u r v e y  B r a n c h  i n c l u d e s  t h e  
d e s i g n  o f  a  u n i f i e d  d a t a  s y s t e m  t o  b e  u s e d  w i t h  i n t e r a c t i v e  
t e r m i n a l s .  The d a t a  s y s t e m  w i l l  b e  k e p t  c u r r e n t  and 
e x p a n d a b l e .  The t e c h n i c a l  o b j e c t i v e s  o f  t h e  F o r e s t  S u r v e y  a r e  
b e i n g  more c l e a r l y  r e l a t e d  t o  t h e  need  t o  u n d e r s t a n d  t h e  
r e s o u r c e  o u t p u t  r e s p o n s e s  o f  a l t e r n a t i v e  f o r e s t  management 
p r a c t i c e s .  
* M i c h a e l  Frome, The F o r e s t  s e r v i c e  (New York: P r a e g e r  
P u b l i s h e r s ,  1 9 7 1 ) '  p .  41.  
* *  M .  S u l l i v a n ,  ' I ' e r sona l  t e l e p h o n e  i n t e r v i e w :  Augus t  8 ,  
1 9 7 4 ,  a t  l l : 5 0  A . M .  M r .  S u l l i v a n  i s  a  .member o f  tile 
Timber  Manzgement Bureau o f  t h e  U n i t e d  S t a t e s  F o r e s t  
S e r v i c e .  
fn the area of rangeland statistics, the Forest Service 
has not had a continuous program. Early proposals included a 
1960 recommendation by a committee o f  professional agricultural 
societies for a census.of grazing lands and a 1961 report by the 
Secretaries of the Interior and Agriculture tu Congress 
presenting the need to conduct appraisals of publlc range 
resources. These recommendations were not implemented. In 
1974, however, the Forest-f.ange Task Force of the Forest 
Service produced the Forest Range Environmental Study ( F R E S ) . *  
The purpose of the FRES report was to "assemble information 
about all of the Nation's range and to develop a technology for 
its evaluation that would serve the planning needs of the 
Forest Service."** Under the Forest and Rangeland Environrnen- 
tal Managem2.1t Act, work of this kind will be conti-~ued and 
integrated with forest resource information programs. 
1-10 Calendars 
Four resource management functions are identified 
within this activity, and ERTS-I. experiments have demonstrated 
capabilities which may make useful contributions to some of 
them. However, we have neither estimated quantitative benefits 
nor developed evj.dence of significant unauantified benefits. 
NevertheJ.ess, it is possible that the availability of 
comprehensive, consistently recorded and processed data over 
d long period will lead to improved understanding of cyclical 
phenomena, and associated benefits. 
Summaries of ERTS-1 experiments relevant co this RMF 
category are included in Appendix A. 
1.11 Allocation 
-- 
The allocation activity includes the operating 
management decisions that are necassary for continuous produc- 
tion of outpiit from the resources, as well as the more general 
decisions on where and to what extent management should be 
intensified for particular outputs. This activity does not 
include the protective management functions such as fire and 
insect control, the research functions, or policy decision 
making, all of which belong to other resource management 
activities. 
-- 
* Forest Range Task Force, "he Nation's Rauge Resources 
Forest Resource Report No. 19, Washington: United S t ~ t s s  
Government Printing Office, 1972. 
* *  Ibid., p. 1. 
-- 
The cperating decisions for the timber and forage 
resources are of two kinds: (1) where and when to collect 
output; (2) where and when to make investments. The first 
RNF, number 2.4.1 (Manage Timber Harvest) covers the output 
collectio~ for the timber resource. The second RMF, - 
number 2.4.2 (Manage Livestock Grazing) covers output cnllec- 
tion for the forage resource. The next two RMP's, 2.4.3 
(Manage Timber Production Investments) and 2.4.4 (Manage 
Forage Production Investments) include such act5vities as 
planting trees and seeding rangelands, road building in the 
forests, and fence building and water hole development in the 
rangelands. Finally, RMF 2 . 4 . 5  (Make Hultiple Use Allocation 
Decisions) is the implementation of the multiple-use policy. 
This requires rational level allocation decisions as 
contrasted wit.; the previous RMF's which cover more localized 
decision making. 
New capability benefits within the allocation activity 
have been estimated for RHF 2.4.1 (Manage Timber Harvest), 
RMF 2.4.3 (Manage Timber Production Investments), and 
RHP 2.4.5 (Make Multiple-Use Alldcltion Decisions). These 
benefits total $54.5 million per year, and are based on new 
aodeling of the forest resources on a national basis together 
with an analysis of the important ERS capability for 
 inexpensive,^ making inventory information point-specific (one 
point covers about one acre). In addition, results of the 
i968 Frank and Heis.; grazing land study have been examined, 
updated, and a c c e p t e ~  with reservations, leading to a "softn 
benefit of $15 million per year in RMF 2.4.4 (Manage Forage 
Production Investments). Similarly, the 1974 Rangeland Case 
Study of EarthSat provides the basis for a "soft" benefit of 
$15 million per year in RMF 2.4.2 (Manage Livestock Grazing). 
The "hardn benefits of RMF 2.4.1 are stated somewhat 
conservatively, sir.ce they apply only to the National Forest 
System. The model which is used for this case could be 
applied to other commercial timberlands, leading to further 
benefits. 
1.12 Conservation 
The resource management functions of this activity are 
those concerned with protecting the resources from damage by 
human abuse, and with repairing past damage. This category is 
distinguished from 1.13 Damage Prevention and Assessment in 
that the agents causing the damage of concern in the function 
of that category are not associated with human use of the 
resources, and consequently, have a more random nature. 
Q u a n t i t a t i v e  b e n e f i t  e s t i m a t e s  h a v e  n o t  b e e n  p e r f o r m e d  
f o r  t h i s  a c t i v i t y ,  b u t  i t  a p p e a r s  t h a t  a n  ERS s y s t e m  m i g h t  
make v a l u a b l e  c o n t r i b u t i o r ~ s  t h r o u g h  i ts  n o n i t o r i n g  c a p a b i l i t y ,  
p a r t i c u l a r l y  by p r o v i d i n g  e a r l y  and c o m p r e h e n s i v s  e v i d e n c e  on  
l o n g  term t r e n d s  sucL a s  r a n g e l a n d  d e t e r i o r a t i o n  or improve-  
ment.  
I t  i s  n o t  n e c e s s a r y  t h a t  ERS i a a y e s  p r o v i d e  c o m p l e t e  
and c o n c l u s i v e  e v i d e n c e  o n  t h e  s t a t e  of t h e  v a r i a b l e s  o f  
i m p o r t a u c e ,  b u t  o n l y  t h a t  it p r o v i d e  g u i d a n c e  f o r  more 
e f f i c i e n t  u s e  o f  g round-based  a n d  a i r c r a f t  d a t a  c o l l e c t i o n  
t e c h n i q u e s .  
I n  o c h e r  words ,  t h e  c o n c e p t  i n  b a c k  o f  t h e  p o t e n t i a l  
b e n e f i t s  i s  m u l t i s t a g e  s a m p l i n g ,  j u s t  as i t  i s  f o r  the b e n e f i t s  
c a l c u l a t e d  i n  t h e  a l l o c a t i o n  a c t i v i t y .  
1 .13  Damage P r e v e n t i o n  and  Assessment  
T h i s  r e s o u r c e  management a c t i v i t y  i n c l u d e s  p r o t e c t i o n  
o f  t h e  m u l t i p l e - u s e  r e s o u r c e  v a l u e s  f rom f i r e ,  d i s e a s e ,  
i n s e c t s ,  o t h e r  a n i m a l s ,  e r o s i o n ,  a n d  p o l l u t i o n .  A l t h o u g h  t h e  
d i s t i n c t i o n  i s  o n l y  a p p r o x i m a t e ,  t h e  RMFs c o v e r e d  h e r e  d i f f e r  
f rom t h o s e  o f  a c t i v i t y  1 .12  C o n s e r v a t i o n  i n  b e i n g  p r o t e c t i o n  
a g a i n s t  random damage a g e n t s ,  r a c h e r  t h a n  a g a i n s t  t h e  more 
p r e d i c t a b l e  r e s u l t s  o f  human u s e  p a t t e r n s .  
The F o r e s t  S e r v i c e  h a s  b e e n  e x t r e m e l y  a c t i v e  i n  
p r e v e n t i o n  and a s s e s s n e n t  o f  f i r e  damage t o  t h e  f o r e s t s  and  
r a n g e l a n d s .  Under t h e  l e a d e r s h i p  o f  t h e  S e r v i c e ,  o t h e r  
government  a g e n c i e s  and p r i v a t e  i n d u s t r y  have  c o o r d i n a t e d  
t h e i r  e f f o r t s .  C u r r e n t l y ,  a n n u a l  e x p e n d i t u r e s  f o r  p r o t e c t i o n  
o f  t h e  f o r e s t  r e s o u r c e s  f rom f i r e  ( a l l  o r g a n i z a t i o n s )  i s  o v e r  
$320 m i l l i o n . *  T h i s  seems s u f f i c i e n t  t o  r e s t r a i n  f o r e s t  f i r e  
damage t o  t h e  e x t e n t  t h a t  c u r r e n t  knowledge p e r m i t s .  T h i s  
f i g u r e  d o e s  n o t  i n c l u d e  r e s e a r c h ,  however ,  which  p r o v i d e s  some 
hope o f  i m p r o v i n g  t h a t  knowledge.  
We have  n o t  e s t i m a t e d  n u m e r i c a l  b e n e f i t s  f o r  t h i s  o r  
o t h e r  a p p l i c a t i o n s  o f  t h i s  r e s o u r c e  management a c t i v i t y ,  b u t  
it would be s u r p r i s i n g  i f  E R S  d a t a  c o u l d  n o t  b e  u s e d  t o  make 
dep loyment  o f  t h e  an i iua l  p r o t e c t i o n  i n v e s t m e n t  more e f f i c i e n t ,  
p e r h a p s  by more e f f e c t i v e  m o n i t o r i n g  o f  f i r e  f u e l  c o n d i t i o n s .  
Thus ,  an  a n n u a l  b e n e f i t  i n  t h e  t e n s  o f  m i l l i o n s  would b e  
r e a s o n a b l e .  
* The O u t l o o k  for Timber  i n  t h e  U n i t e d  S t a t e s ,  F o r e s t  S e r v i c e ,  
1 9 7 3 ,  p .  37. 
Insect and disease take a large toll of timber values, 
and associated forest values, as well, but the relatively low 
national expenditure on prevention and control of their 
damage ($12 million in 1970) is a symptom of the fact that not 
much is known about how to prevent or limit this damage. The 
critical information needed here is thus not of the survey 
type which can be augmented by an ERS system, but of the 
research results type, for which the usefulness of ERS data is 
less clear. 
1.14 Unique Event Recognition and Early Waraing 
The unique event of most evident relevance to this 
resource area at the present time is the construction of the 
Alaskan Pipeline. 
We have not made a quantitative estimate of the 
benefits which may accrue through wildlife habitat protection. 
Benefits may be present, however, since an ERS system is 
particularly efficient for generalized monitoring of remote 
locations. 
1.15 Research 
Research is necessarily a vital activity in the 
management of natural resources. Its relationship to the 
investments and returns which characterize the economics of 
natural resource use is outlined as part of the value node1 
presentation in Appendix D. The product of research 
activities is information--information of a different kind 
than the survey and inventory information dealt with in the 
previous sections of this report. Survey and inventory 
information is a category of operating inputs, investments 
necessary for the process of producing economic value from 
the resources. Research information on the other hand is . 
information about how to produce; its benefit is in making 
possible a greater output value for a given set of inputs. 
When research produces a benefit, it is likely to be large, 
since it can affect the productivity of the resource indef- 
initely. 
In the case of the forests and rangelands, the Forest 
Service is explicitly given research responsibilities by 
legislation such as the McSweeney-McNary Act and the Forest 
and Rangeland Environmental Managament Act. The 1974 budget 
of this agency includes $64 million for forestry research. 
One of the most effective forms of research in the 
case of natural resources is the analysis of descriptive data 
on the ongoing operations, and this is a substantial part of 
t h e  work o f  t h e  F o r e s t  S u r v e y  d i v i s i o n ,  whose $ 4  m i l l i o n  
a n n u a l  b u d g e t  is n o t  i n c l u d e d  a b o v e .  
The i n f o r m a t i o n  n e e d s  o f  r e s e a r c h  a c t i v i t i e s  a re  
e x t r e m e l y  v a r i e d ,  s o  t h a t  a n  a c c u r a t e  mode l  f o r  b e n e f i t  
e s t i m a t i o n  o f  ERS d a t a  i s  l i k e l y  t o  b e  c o m p l i c a t e d .  W e  h a v e  
n o t  d e v e l o p e d  o n e ,  b u t  we c a n  p o i n t  o u t  ways i n  w h i c h  E R S  data  
may c o n t r i b u t e  s i g n i f i c a n t l y .  
One is t h r o u g h  m o t i v a t i n g  a n d  h a s t e n i n g  t h e  d e v e l o p -  
ment  o f  i n t e g r a t e d  d a t a  b a s e s  t o  c o o r d i n a t e  management  a n d  
p o l i c y  o n  a n a t i o n a l  bas i s .  T r a d i t i o n a l  d a t a  c o l l e c t i o n  a n d  
p r o c e s s i n g  h a s  b e e n  u n c o o r d i n a t e d  b e c a u s e  of d i f f e r e n c e s  
among o w n e r s h i p s  i n  o b j e c t i v e s  a n d  i n  management  r e s o u r c e s .  
S i n c e  ERS d a t a  are i n h e r e n t l y  i n d e p e n d e n t  o f  o w n e r s h i p  a n d  
a v a i l a b l e  o v e r  a w i d e  g e o g r a p h i c a l  r a n g e ,  t h e y  a r e . m o s t  e a s i l y  
a n d  e f f i c i e n t l y  u s e d  i n  i n f o r m a t i o n  s y s t e m s  of t h e  same b r o a d  
s c o p e .  
s i m i l a r l y ,  s i m u l a t i o n  m o d e l s  w i l l  p r o b a b l y  be 
d e v e l o p e d  i n  a way i n f l u e n c e d  b y  ERS d a t a ,  a n d  may l e a d  t o  
b e n e f i t s  i n  t h e  fo rm o f  b e t t e r  management  p r a c t i c e s .  
1 . 1 6  A d m i n i s t r a t i v e ,  J u d i c i a l ,  a n d  L e g i s l a t i v e  
T h i s  r e s o u r c e  management  a c t i v i t y  i n c l u d e s  f u n c t i o n s  
o f  b r o a d  i m p a c t  s u c h  as r e s o u r c e  u s e  p o l i c y  s e t t i n g  a n d  b u d g e t  
l e g i s l a t i o n  f o r  t h e  a g e n c i e s  r e s p o n s i b l e  f o r  i m p l e m e n t i n g  
p o l i c y .  N u m e r i c a l  b e n e f i t s  h a v e  n o t  b e e n  est imated w i t h i n  
t h i s  a c t i v i t y ,  b u t  t h e  q u a l i t a t i v e  d i s c u s s i o n  h e r e  a n d  i n  
Append ix  A s u g g e s t s  t h a t  i f  t h e  e f f o r t  w e r e  made t o  c o n s t r u c t  
a p p r o p r i a t e  m u d e l s ,  s i g n i f i c a n t  b e n e f i t s  c o u l d  b e  e s t a b l i s h e d .  
The  g e n e r a l  f u n c t i o n s  o f  v a r i o u s  i n s t i t u t i o n s  i n  
f o r e s t r y  p o l i c y  a r e  d e s c r i b e d  i n  S e c t i o n  i . 5 .  
A t  t h e  l e v e l  o f  c o n g r e s s i o n a l  l e g i s l a t i o n ,  i n c l u d i n g  
f e d e r a l  b u d g e t  d e t e r m i n a t i o n ,  t h e s e  i n s t i t u t i o n s  p r o v i d e  two 
k i n d s  o f  i n f l u e n c e  o n  t h e  p r o c e s s - -  o b j e c t i v e  i n f o r m a t i o n  
( e x p e r t  t e s t i m o n y )  and  t h e  p r e s e n t a t i o n  o f  t h e i r  s t a n d s  o r  
p r e f e r e n c e s .  C o n g r e s s  i n t e g r a t e s  a n d  ac ts  o n  t h i s  i n f o r r i a t i o n  
f i r s t  t h r o u g h  i t s  c o m m i t t e e s  a n d  s e c o n d  t h r o u g h  i t s  f i n a l  
d e c i s i o n  p r o c e s s .  
D a t a  a n d  i n f o r m a t i o n  a b o u t  t h e  n a t u r a l  r e s o u r c e s  a n d  
r e l a t e d  economic  q u e s t i o n s  i n f l u e n c e  t h i s  p r o c e s s  a t  t h r e e  
s t a g e s .  
First, the expert opinions and the preferences of the 
interest groups are formed under the influence of such inforaa- 
tion. Second, information is selected, edited, and presented 
to the committees specifically to influence their judgment. 
Finally, the committees process and select information for 
presentation to the assembled Houses. 
In such a decision making process, a property of the 
information becomes very important that has not been emphasized 
in the analysis of the other resource management activities, 
That property is its credibility, or perceived accuracy. In 
the legislative process, as in any 3,litical process, the form 
of the information becomes significant, as well as its 
precision and timeliness. Photographs and satellite images 
have ii universal credibility that may impact tho lo-jislative 
process more efficiently than other forms of presentation. 
For example, "before and aftern images graphically 
showing rangeland deterioration may hasten corrective action, 
while even accurate and reliable statements of experts 
concerning the number of acres and their condition classes ray 
not. 
APPENDIX A: 
DETAILED EXAMINATION OF BENEFITS BY RNP 
Table 2 beginning on page A-2 gives the names and 
numbers of all the RMF's defined for this study, together with 
benefits broken down by type for those M F ' s  for which they 
were calculated. 
In the remaindjr of this appendix the benefit estimates 
are documented. For those RMFgs in which benefits were not 
calculated, the discussion constitutes preliminary structure for 
estimation of benefits. 
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RMF No. 2.1.1 
THEMATIC MAPPING OF FORESTS AND RANGELANDS BY VEGETATION TYPE 
AND CHARACTERISTICS 
Rationale for Benefits 
Thematic maps are useful in the preparation of 
inventories, statistics, and projections to support efficient 
timber management and efficient management of livestock 
grazing activities. 
Federal Government Activities and Responsibilities 
- 
Thematic maps of forest and rangeland vegetation are 
prepared primarily by two agencies of the Department of 
Agriculture: the Forest Service; the Soil Conservation 
Service. 
In addition to its use of maps as an aid in preparing 
the published data of the Forest Survey, the Forest Service 
(Timber Management and Planning Division) maintains an 
extensive map atlas covering the National Forest System and 
functioning as an important component of its management infor- 
mation system. In this system, maps are used to portray a 
large variety of vegetation characteristics and soil 
characteristics, together with management plans and structures 
(such as fences and roads). 
Rangeland vegetation types are mapped by t h e  Pozest 
Service as part of its inventory and analysis work and by the 
Soil Conservation Service 2s part of its soil survey 
responsibilities. 
Functions of Remote Sensing 
Remote sensing can make possible more extensive and 
timely maps of vegetation types, particularly in remote areas 
including Alaska and foreign countries, Cost savings are 
often possible for maps covering large axeas. Accuracy can be 
considerably improved over ground-based procedures. 
Economic and Technical Models for Estimating Benefits 
Since mapping activities in this resource area are so 
closely interrelated with statistical services and other 
management functions, benefits attributable to mapping in 
itself are not estimated. 
RMF No. 2 . 1 . 1  
C u r r e n t  ERTS A c t i v i t i e s  
A c c u r a t e  t h e m a t i c  mapp ing  by  s a t e l l i t e  o r  a i r c r a f t  i s  
d e p e n d e n t  on  b o t h  t h e  r e s o l u t i o n  o f  t h e  i m a g e r y  a n d  t h e  r e l i -  
a b i l i t y  o f  i d e n t i f i c a t i o n  t e c h n i q u e .  An a n a l y s i s  o f  ERTS MSS 
d a t a  f o r  Lynn C o u n t y ,  T e x a s ,  s u g g e s t s  t h a t  t h e  ERTS d a t a  c a n  
b e  u s e d  s u c c e s s f u l l y  t o  i d e n t i f y  and  map by  v e g e t a t i v e  s p e c i e s  
i n  r a n g e l a n d  a r e a s . *  A n o t h e r  s t u d y  c o n c e n t r a t i n g  more  o n  
f o r e s t  l a n d s  p r o v e d  t h e  a b i l i t y  o f  ERTS d a t a  t o  d i s c r i m i n a t e  
b e t w e e n  D o u g l a s  F i r ,  P o n d e r o s a  P i n e ,  J u n i p e r  a n d  o t h e r  s o f t -  
woods.** 
A s  t o  d e v e l o p m e n t  o f  ERTS i n t e r p r e t a t i o n  t e c h n i q u e s ,  
R .  C .  Heller h a s  c o n d u c t e d  s t u d i e s  o n  " image  e n h a n c e m e n t  
t e c h n i q u e s ' '  w h e r e  ERTS d a t a  s i m u l a t e d  t r u e  c o l o r  i m a g e s  
showing  d i s c r i m i n a t i o n  b e t w e e n  v e g e t a t i o n  t y p e s ,  b a r e  s o i l  a n d  
h a r v e s t e d  c r o p s . * * *  
E s t i m a t e  o f  ERTS E c o n ~ ~ m i c  C a p a b i l i t i e s  
Annua l  B e n e f i t s :  
Through  l a t e r  RMFs. 
* Baumgardne r ,  M a r i o n ;  K u s t a f ,  S t e v e n ;  H e n d e r s o n ,  James; 
" I d e n t i f i c a t i o n  a n d  Mapping  o f  S o i l s ,  V e g e t a t i o n ,  a n d  
Wate r  R e s o u r c e s  o f  Lynn C o u n t y ,  T e x a s ,  b y  Computer  
A n a l y s i s  o f  ERTS MSS D a t a " ,  i n ,  Symposium on  S i g n i f i c a n t  
R e s u l t s  O b t a i n e d  f r o m  E a r t h  ~ e s o u r c e s  T e c h n o l o g y  
S a t e l l i t e - 1 .  Volume 11, ( G r e e n b e l t ,  M a r y l a n d :  Goddard  
- - 
S p a c e  F l i g h t  C e n t e r ;  1 9 7 3 ) ,  p. 18. 
NOTE: The investigate-;; o f  t h e  a b o v e  s t u d y  may b e  f o u n d  
a t  P u r d u e  U n j v e r s i t . ~ ,  West  L a f a y e t t e ,  I n d i a n a .  
* *  H e l l e r ,  R .  C . ;  A l d r i c h ,  R. C . ,  Weber ,  F. p . ;  D r i s c o l l  
D r i s c o l l ,  R. S . ;  T e s t  ERTS M u l t i s p e c t r a l  I m a g e r y  f o r  
I d e n t i f i c a t i o n  o f  F o r e s t  R a n g e l a n d ,  N o n - F o r e s t ,  Wa te r  
R e s o u r c e s ,  a n d  F o r e s t  S t r e s s .  
* * *  H e l l e r ,  R .  C . ;  I n t e r p r e t a t i o n  T e c h n i q u e s  Deve lopmen t  -- 
Image Enhancemen t  T e c h n i q u e s .  
RMF No. 2.1.2 
RANGELAND MAPPING 
Rationale for Benefits 
t?aps of rang land areas can be used as a graphical 
presentat~on of data on range condition (measured in four 
condition classes), location of ecosystems, range trends 
(long term deterioration or improvement), and forhge 
productivity or livestock carrying capacity. Such maps are 
valuable in making forage condition assessments and foxer.r?sts, 
in wildlife management, in scheduling livestock grazing, in 
designing and executing soil conscr\ation programs, in 
designing and executing range rehabilitation, in fire 
prevention and control, and in weed control. 
Federal Government Activities and Responsibilities 
The rangeland mapping function is subsumed under the 
term "rangeland inventory". The federal activities and 
responsib-ilities are therefore covered under RMF 2.2.7 
(Prepare Rangeland Inventories) . 
Functions of Remote Sensinp 
This topic is discussed unuer RMF 2.2.7. 
Economic and Technical Models for Estimating Benefits 
Since mapping activities in this resource area are so 
closely interrelated with statistical services and other 
management functions, benefits attributable to mapping in 
itself are not estimated. 
Current ERTS Activities 
Useful rangeland maps show both vegetation type and 
ovez-all land use of the napped district. One method of 
measuring the helpfulness of remotely sensed data in rangeland 
mapping is to test the ability of the imagery to delineate 
major vegetation zones. The ERTS-1 Range Analysis Team* used 
* G. R. Heath and H. D. Parker, "Forest and Range Mappins in 
- - - 
the Houston Area, with ERTS-1 Data,: from Symposjum on 
Significant Results Obtained from the Earth Resources 
Technology Satellite-I, (New Carrollton, Maryland: Goddard 
-- 
Space Flight ~ e n t e r ,  1973), p. 169-170. 
RMF No. 2 .1 .2  
c o n v e n t i o n a l  and c o m p u t e r - a i d e d  p r o c e s s i n g  t e c h n i q u e s  t o  
i n v e s t i g a t e  t h e  a c c u r a c y  w i t h  which  two n a j o r  v e g e t a t i o n  z o n e s  
on t h e  T e x a s  Gul f  C o a s t  c o u l d  b e  d i s t i n g u i s h e d  u s i n g  ERTS-1 
d a t a .  The computer  c l a s s i f i c a t i o n  t e c h n i q u e  used  by t h e  s t u d y  
team  involve^ t h e  c o r r e l a t i o n  o f  i n d i v i d u a l  c l u s t e r s  o f  d a t a  
wit.i\ s p e c i f i c  g round  phenomena. These  d a t a  c l u s t e r s  "were  
combined s u c h  t h a t  t h e  b o u n d a r y  between t h e  two v e g e t a t i o n  
z o n e s  were a p p r o x i m a t e d  i n  t h e  o u t p u t  c l u s t e r  map, which  was 
c o l o r  coded and f i l m e d t 1 . * *  The s t u d y  g r o u p  f o u n d  t h a t  t h e  
" s i m i 7 . a r i t y  o f  t h e  c l u s t e r  map t o  t h e  v e g e t a t i o n  zone  
b o u n d a r i e s  f rom t h e  g round  t r u t h  i n d i c a t e s  t h a t  t h e  g r o u p s  o f  
c l u s t e r s  c o n s t r u c t e d  d i d  p r o v i d e  a  r e a s o n a b l e  match  w i t h  
v e g e t a t i o n  z o n e s . * * *  
A n o t h e r  s t u d y ,  c o n d u c t e d  by J.V. D r e w  d e m o n s t r a t e d  t h e  
a b i l i t y  o f  ERTS MSS i m a g e r y  t o  i d e n t i f y  a n d  d e l i n e a t e  be tween 
t h e  b a s i c  k i n d s  o f  r a n g e  s i t e s .  Range s i t e s  a r e  i d e n t i f i e d  
by c h a r a c t e r i s t i c  p l a n t  communi t i e s .****  
E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  
- 
Annual  Benefits: 
Through l a t e r  R M F s .  
* *  I b i d ,  p .  169-170 
-
*** I b i d ,  p.  170  
* * * *  P a u l  M. S e e T e r s ,  and  James  V .  Drew, " E v a l u a t i o n  o f  
ERTS-1 Imagery i n  Mapping and Managing S o i l  and 
Range R e s o u r c e s  i n  t h e  Sand H i l l s  Region o f  Nebraska1'  
f rom Symposium on S i g n i f i c a n t  ~ e s u l t s  O b t a i n e d  from 
-- 
t h e  ~ a r t h ~ e s o u r c e s - - ~ e c h n o l o g y  S a t e l l i t e - I  
(New C a r r o l l t o n ,  Mary land :  Goddard S p a c e  F l i g h t  C e n t e r ,  
ECMF No. 2.1.3 
WILDLIFE HABITAT MAPPING 
R a t i o n a l e  f o r  B e n e f i t s  
W i l d l i f e  h a b i t a t  s u r v e y s  s u p p o r t  estimates o f  w i l d l i f e  
p o p u l a t i o n s  a n d  t r e n d s ,  e s s e n t i a l  f o r  c o n s e r v a t i o n  p rograms .  
P a r t i c u l a r  c a t e g o r i e s  of w i l d l i f e  h a b i t a t  o t h e r  t h a n  t h e  
f o r e s t s  a n d  r a n g e l a n d s  i n  g e n e r a l  are w i l d e r n e s s  areas, w e t -  
l a n d s ,  w i l d  a n d  s c e n i c  r i v e r s ,  a n d  t u n d r a .  
F e d e r a l  Government A c t i v i t i e s  and  R e s p o n s i b i l i t i e s  
The Bureau o f  S p o r t  F i s h e r i e s  and  W i l d l i f e  o f  t h e  
Depar tment  o f  t h e  I n t e r i o r  i n v e n t o r i e s  w a t e r f o w l  p o p u l a t i o n s ,  
u s i n g  a e r i a l  s u r v e y s ,  The b u r e a u  p l a n s  to  make a n a t i o n a l  
w e t l a n d s  s u r v e y .  
F u n c t i o n s  o f  Remote S e n s i n g  
. . 
S i n c e  many w i l d l i f e  a r e a s  a re  i n a c c e s s i b l e  o r  d i f f i c u l t  
t o  r e a c h  by o t h e r  means, r e m o t e  s e n s i n g  is o f t e n  t h e  o n l y  
p r a c t i c a l  a p p r o a c h  t o  o b t a i n i n g  s u r v e y  i n f o r m a t i o n ,  
Economic a n d  T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  
S i n c e  mapping a c t i v i t i e s  i n  t h i s  r e s o u r c e  a r e a  are so 
c l o s e l y  i n t e r r e l a t e d  w i t h  s t a t i s t i c a l  s e r v i c e s  and o t h e r  
management f u n c t i o n s ,  b e n e f i t s  a t t r i b u t a b l e  t o  mapping i n  
i t s e l f  a r e  n o t  e s t i m a t e d .  
C u r r e n t  ERTS A c t i v i t i e s  
P r i n c i p a l  I n v e s t i g a t o r :  
Anderson,  R i c h a r d  
R e p o r t  : 
E s t u a r y  and  W e t l a n d s  S u r v e y s  - Chesapeake  Bay by 
Anderson,  R i c h a r d  R.  
C o l o r  a d d i t i v e  a n d  c o l o r  c o m p o s i t e s  were u t i l i z e d  t o  
d e l i n e a t e  t o n a l  s t r u c t u r e  i n  w e t l a n d s .  T h i s  t o n a l  s t r u c t u r e  
r e f l e z t s  s p e c i e s  d i f f e r e n c e s  s u c h  as: s a l t  m a r s h  c o r d g r a s s ,  
s a l t  meadow c o r d a r a s s ,  and  n e e d l e b r u s h .  S a l i n e  a n d  n e a r -  
s a l i n e  w e t l a n d s  c a n  b e  d e l i n e a t e d  f rom ERTS-1 images  a s  t h e  
w e t l a n d - u p l a n d  b o u n d a r i e s  and  l a n d - w a t e r  i n t e r f a c e s  are  
c l e a r l y  d e f i n e d .  
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Estimate of ERTS Economic Capabilities 
Annual Benefits: 
Not Estimated. 
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SOIL NAPPING OF FORESTS AND RANGELANDS 
Rationale for Benefits 
Soil maps and surveys are valuable because of their 
utility as an aid in predicting the response of land to 
specific treatments or the absence of treatment. The treat- 
aents of primary impsrtance are associated with the management 
of the forests and rangelands for yield and for soil conserva- 
tion. Specifically, knowledge of the boundaries of major soil 
types as portrayed in soil maps can be combined with other 
information to predict timber and forage yields and how they 
depend on planning, thinning, seedinq, and fertilization 
methods and schedules. 
Federal Government Activities and ~esponsibilities 
The Soil Conservation Service prepares soil maps as 
graphic presentation of its soil surveys. In preparing soil 
maps, cartographers obtain aerial photographs and make 
photomosaics to be annotated by soil scientists who conduct 
detailed field examination of the soil. The total budget for 
soil mapping (not only forests and rangelands) is $3.6 million 
per year, To date, soil surveys have been completed for less 
than 20percent of the U.S. 'The Soif Conservation Service 
plans to update soil surveys on a 20 to 25 year cycle. 
Non-Federal Activities 
The Weyerhauser Corporation has soil-mapped both public 
and company owned forest access for the use of state 
governments and universities. 
Functions of Remote Sensing 
Remotely sense6 informetion may make possible earlier 
completion of planned soil maps for most of the U - S - ,  as wsll 
as soil mapping of important areas of other countries. In 
addition, cost savings may ha possible in preparing the maps. 
Economic and Technical Models for Estimating Benefits of Remote 
Sensed Data 
Quantitative benefit calculations for soil mapping are 
treated in the Agriculture study (Resource Management Area 1). 
RMP No. 2.1.4 
Current ERTS ~ctivities 
Principal Investigator: 
Parks, W. L. 
Report : 
Soil Survey and Classification for Western Tennessee 
by Parks, W. L. 
Comments: 
The identification and delineation of a large soil 
association has been accomplished. Soil types have been 
identified through the use of aircraft imagery. However, a 
soil association map appears ts be the best that space imagery 
alone will provide. 
Estimate of ERTS Economic Capabilities 
Annual ~ e n e f  its: 
None Estimated 
See Volume 111 
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DETERNINE FOREST TIMBER VOLUME BY TYPE, LOCATION, AND 
OWNERSHIP 
R a t i o n a l e  f o r  B e n e f i t s  
T h i s  r e s o u r c e  management f u n c t i o n  c o n s i s t s  o f  t h e  p r e -  
p a r a t i o n  o f  t i m b e r  volume s t a t i s t i c s  f o r  p u b l i c a t i o n ,  and t h u s  
f o r  u s e  beyond a  s p e c i f i c  immediate  management need.  Volume 
d e t e r m i n a t i a n s  for more r e s t r i c t e d  p u r p o s e s  are i n c l u d e d  a s  
p a r t  o f  RMF 2.4.1 (Manage Timber H a r v e s t ) ,  
T r a d i t i o n a l l y ,  timber i n v e n t o r y  p r o c e d u r e s  have  
emphasized t h e  d e t e r m i n a t i o n  o f  volume, and volume d a t a  a r e  
i m p o r t a n t  for  some management a c t i v i t i e s -  Fo r  example,  i n  
- 2 e p a r i n g  a  t i m b e r  s a l e  o r  a  s p e c i f i c  h a r v e s t i n g  o p e r a t i o n ,  t h e  
volume o f  t h e  t i m b e r  i n v o l v e d  is  a n  i m p o r t a n t  i t e m  o f  d a t a .  
H u ~ e v e r ,  i n  d e s c r i b i n g  a s t a n d  o f  t i m b e r  o r  a l a r g e r  u n i t  t o  b e  
managed f o r  s u s t a i n e d  y i e l d ,  t h e  volume f i g u r e s  f o r  t h e  
v a r i o u s  t y p e s  are by t h e a s e l v e s  o f  l i t t l e  s i g n i f i c a n c e -  The 
s u s t a i n a b l e  y i e l d  is t h e  s i n g l e  q u a n t i t y  o f  g r e a t e s t  i n t e r e s t  
f o r  t i m b e r  management, and t h i s  is c l o s e l y  r e l a t e d  t o  c u r r e n t  
and p r o j e c t e d  growth r a t e s .  Thus,  volume d e t e r m i n a t i o n s  
produce  b e n e f i t s  l a r g e l y  t h r o u g h  t h e i r  u s e  i n  s u p p o r t i n g  o t h e r  
s t a t i s t i c a l  and a n a l y t i c a l  work- 
F e d e r a l  Government A c t i v i t i e s  and R e s ~ o n s i b i l i t i e s  
The g e n e r a l  a c t i v i t i e s  o f  t h e  v a r i o u s  f e d e r a l  a g e n c i e s  
i n  t i m b e r  i n v e n t o r y  a r e  d e s c r i b e d  i n  S e c t i o n  1.9, H e r e  w e  
t r ea t  more s p e c i f i c a l l y  t h e  t i m b e r  volume i n f o r m a t i o n  
o b t a i n e d  and p u b l i s h e d  by t h e  F o r e s t  Survey.  The Out look  f o r  
Timber i n  t h e  Uni ted  S t a t e s  g i v e s  t i m b e r  volumes broken  down 
i n  v a r i o u s  ways. Types a r e  i n  t e rms  o f  s p e c i e s ,  s t a n d  volume 
c l a s s ,  and d i a m e t e r  class, w h i l e  l o c a t i o n  i s  g i v e n  by s t a t e .  
Volume d a t a  a r e  a l s o  broken  down by owner sh ip  c l a s s .  
A s  s t a t e d  i n  S e c t i o n  1 .9 ,  vo lune  e s t i m a t e s  a r e  p r e -  
pa red  t h r o u g h  a  doub le  sampl ing  p r o c e d u r e  u s i n g  sample  p l o t s  
s e l e c t e d  from a e r i a l  photography ,  and f i e l d  sampl ing  t o  
s e l e c t  s p e c i f i c  t r e e s  f o r  volume measurements.  The volume 
measurements on i n d i v i d u a l  t r e e s  a r e  a c t u a l l y  estimates 
c a l c u l a t e d  from d i a m e t e r  and l e n g t h  measurements ,  b roken  down 
a c c o r d i n g  t o  t h e  v a r i o u s  commercial  u s e s  o f  p a r t s  o f  t h e  t r e e s .  
The volume p e r  u n i t  a r e a  o f  t h e  t i m b e r  s t a n d  i s  e s t i m a t e d  
pho tog rammet r i ca l l y .  I n  many t i m b e r  s t a n d s ,  t h i s  volume p e r  
u n i t  a r e a  f i g u r e  i s  c l o s e l y  r e l a t e d  t o :  (1) t h e  a v e r a g e  
h e i g h t  o f  t h e  dominant  t r e e s ;  ( 2 )  t h e  p r o p o r t i o n  o f  t h e  t o t a l  
ground a r e a  w i t h i n  t h e  t i m b e r  s t a n d  boundary t h a t  i s  o b s c u r e d  
RXF No. 2.2.1 
by the crowns of the trees. The essence of the technique is 
the correlaticn of these remotely sensed data with the volume 
more directly esti~ated by ground based procedures. 
Functions of Remote Sensinp 
The function of remote sensing in the preparation of 
inventory information in general is discussed in Section 1.9. 
With respect to volume, remote sensing results in a decrease 
in emphasis given to that quantity as a primary descriptor of 
the timber resource. Volume is neither a variable directly 
recorded by remote sensors, nor is it one of the most useful 
primary variables to be studied for management purposes. The 
trend toward replacing the emphasis in volume wi. th emphasis 
on growth is consistent with the availability of inventory 
techniques using aerial photography, but it is accentuated by 
the availability of three-stage sampling techniques in which 
the classification constituting the first stage can be done 
automatically from ERTS tapes. 
Economic and Technical Models for Estimating Benefits 
Although the primary benefits of satellite information 
in this area are of the neu capability type, and best 
estimated as part of later RMFs including RMF 2.4.1 (Manage 
Forest Timber Production) and EMF 2.9.1 (Design Forestry 
Legislation and Monitor Compliance), cost savings would be 
achieved if current inventory objectives were maintained and 
ERS data were used to supplement data from other sources in 
meeting these objectives. 
EarthSat has prepared cost models to estimate these 
cost savings as part of their Forestry Case Study. These models 
include formulae for determining the part of the Forest 
Survey's expenditures which can be attributed to field 
inventory, applied separately to the individual experiment 
stations to determine inventory costs per acre. The assump- 
tions on ERS system costs are based on demonstrated (byt 
Nichols)* ERTS-1 capabilities for inventory of the Qunicy 
Ranger Station of the Plumas ~ational Forest* with the 
reasonable assumption that costs per acre of inventories 
prepared by the Nichols procedure would be uniform across the 
country. 
* See page A - 1 7 -  
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Earthsat's estimates for national Forest Survey cost 
savings based on these models are given under four sets of 
assumptions, formed by combining *highn and *lown estimates 
for both ERS system inventory costs and for current system 
costs. The lower estimate of ERS system costs, 1.71 cents 
per acre or $595,000 (annual) total, is based directly on 
Nicholsa work, The higher estimate is produced by an 
arbitrary adjustment of the lower estimate to insure conserva- 
tism. We present here the consequence of the use of the lower 
estimate alone. xhe two estimation methods for Forest Survey 
inventory costs are both reasonable and give somewhat different 
results. We average the results of the two methods, obtaining 
annual costs of $1.4 million. This leads to a single rough 
estimate of cost savings of $800,000 per year. Assuming that 
benefits continue at this rate from 1965 to infinity, and 
discounting at 10 percent to 1965, the present value of the 
cost saving is $8 million, 
Because of the slow progress of current Forest Survey 
inventory work, the likely use of any realized cost saving of 
this type would be increased inventory activity. Thus, an 
"increased capabilityn benefit based on the equal budget 
assumption is reasonable. Since the cost saving is about 
57 pe;cent, the total benefit is -In (0.43) $g milliQn 
or $11.8 million. 0.57 
The above benefit estimates are based on the assump- 
tion that demand for current Forest Survey information on 
timber volume will not be supplanted by demand for statistical 
products differing in accuracy, timeliness, comprehensiveness, 
or convenience of use. Although this is clearly an unrealistic 
assumption (partly because an ERS system can contribute to such 
changes in demand for statistical products, and partly because 
of trends of the type reflected in the Forest and Range 
Environmental Act), it does provide a "hard" estimate of a 
minimum for the realizable benefits of an ERS system through 
this RMF. 
Current ERTS Activities 
Current study on timber volume inventorying using ERTS 
imagery is being conducted by the following 4 investigators: 
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1. D r .  E m i l i o  De B e n i t o  
E s c u e l a  T e c h n i c a  S u p e r i o r  
D e  I n g e n i e r a s  D e  Montes 
Audad U n i v e r s i t a r i a  
Madr id ,  S p a i n  
Phone:  244-4807 
T i t l e  o f  S t u d y :  Timber  I n d u s t r y  - Land U s e  i r ,  
Hue lua ,  S p a i n  
2. R o b e r t  C. Heller 
P a c i f i c  S.W. F o r e s t  Range S t a t i o n  
U.S. Depar tmen t  o f  A g r i c u l t u r e  
P.O. Box 245  
B e r k e l e y ,  C a l i f o r n i a  94701 
Phone : 415-486-3122 
T i t l e  o f  S t u d y :  I n v e n t o r y  o f  F o r e s t  a n d  Range land  
R e s o u r c e s  ( i n c l u d i n g  s t ress) .  
3. P h i l l i p  G. Lang ley  
E a r t h  S a t e l l i t e  C o r p o r a t i o n  
2150 S h a t t u c k  Avenue 
B e r k e l e y ,  C a l i f o r n i a  94704 
Phone : 415-845-5140 
T i t l e  o f  S tudy :  Deve lop  a  M u l t i - S t a g e  F o r e s t  
Sampl ing  I n v e n t o r y  Sys tem Us ing  ERTS-A Imagery .  
4. James N i c h r . 1 ~  
Space  S c i e n c e s  L a b o r a t o r y  
U n i v e r s i t y  o f  C a l i f o r n i a  
B e r k e l e y ,  C a l i f o r n i a  94729 
Phone:  415-642-2351 
The most  i m p r e s s i v e  ERTS e x p e r i m e n t  r e l a t i n g  t o  t i m b e r  
volume i n v e n t o r i e s  i s  t h a t  of N i c h o l s  and  o t h e r s  a t  B e r k e l e y .  
T h e i r  p r o c e d u r e  i n c l u d e s  manual  a n d  a u t o m a t e d  a n a l y s i s  of 
ERTS-1 d a t a ,  s u p p o r t i n g  a i r c r a f t  d a t a  a n d  g r o u n d  d a t a  t h r o u g h  
m u l t i s t a g e  s a m p l i n g  t e c h n i q u e s .  The p r o c e d u r e  was a p p l i e d  t o  
t h e  Quincy Ranger  Dis t r i c t  o f  t h e  Plumas  N a t i o n a l  F o r e s t  i n  
C a l i f o r n i a .  The p r o c e d u r e  i s  a b l e  t o  match  o r  s u r p a s s  t h e  
a c c u r a c y  o f  c o n v e n t i o n a l  i n v e n t o r y  t e c h n i q u e s ,  t o  p r o v i d e  more 
s p e c i f i c  l o c a t i o n  i n f o r m a t i o n ,  and  p r o v i d e  c o s t  s a v i n g s ,  i n  
a d d i t i o n  t o  s a v i n g  c o n s i d e r a b l e  t i m e .  
The i m p l i c a t i o n  f o r  F o r e s t  Survey  Type i n v e n t o r i e s  i s  
t h a t  t h e y  may become l e s s  e x p e n s i v e ,  more a c c u r a t e ,  and  more 
t i m e l y .  S i n c e  t h e  i m p o r t a n t  f i r s t - s t a g e  i n f o r m a t i o n  i s  
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obtainable in remote areas as easily as in other areas, inven- 
tories may also be made more comprehensive. 
An important feature of the procedure is the use of 
automatic classification of the timberland on ERTS data tapes 
into four timber volume classes at the first stage. The 
development of effective classification programs for that 
purpose has made possible a reduction in the amount of 
expsnsive and time-consuming ground work required. 
Estimate of ERTS Economic Capabilities 
The capabilities discussed above for improving timber 
volume inventories are associated with the properties of 
ERTS-1. Accordingly, the estimated benefits can be achieved 
with an ERTS-like system. The benefits might be increased 
somewhat if the spectral resolution were improved. This might 
improve the classification process of the first stage of the 
inventory, so that less field work would be required to provide 
the same overall accuracy. Further cost savings would result. 
Better spatial resolution is not necessary, since it would 
neither improve accuracy nor decrease costs. 
Annual Benefits: 
Equal Capability; $800,000 
Increased Capability; $380,000 
New Capability; through later RMFs. 
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DETERMINE FOREST LAND AREAS 
R a t i o n a l e  f o r  B e n e f i t s  
F o r e s t  l a n d  a r e a s  v a r y  w i t h  g a i n s  d u e  p r i m a r i l y  t o  
r e s e e d i n g  o f  abandoned f a r m  l a n d s  a n d  l o s s e s  d u e  t o  a  wide  
v a r i e t y  o f  c h a n g e s  i n  l a n d  u s e  i n c l u d i b l g  u r b a n  d e v e l o p m e n t ,  
c r o p l a n d  e x p a n s i o n  and h ighways .  M o n i t o r i n g  o f  k h e s e  c h a n g e s  
i s  i m p o r t a n t  i n  t i m b e r  management a n d  p l a n n i n g ,  l a n d  u s e  
p l a n n i n g  a n d  a d m i n i s t r a t i o n ,  a n d  i n  s o i l  and  w a t e r  c o n s e r v a -  
t i o n .  
F e d e r a l  Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  
D e t e r m i n a t i o n  o f  f o r e s t  l a n d  a r e a s  i s  p e r f o r m e d  by t h e  
F o r e s t  S e r v i c e ,  t h e  Bureau of  Land Management, t h e  Bureau  o f  
I n d i a n  A f f a i r s ,  and t h e  N a t i o n a l  P a r k  S e r v i c e .  The 
T e n n e s s e e  V a l l e y  A u t h o r i t y  a l s o  d e t e r m i n e s  f o r e s t  l a n d  a r e a s  
w i t h i n  t h e  T e n n e s s e e  R i v e r  s y s t e m .  
F o r e s t  l a n d  a r e a  s t a t i s t i c s  a r e  t y p i c a l l y  p r e p a r e d  from 
( 1 )  c a l c u l a t i o n s  u s i n g  t h e  p e r t i n e n t  d i m e n s i o n s  o f  a e r i a l  
p h o t o g r a p h y ;  and  (2 )  ground r u r v e y s .  S i n c e  f o r e s t  l a n d  a r e a s  
v a r y  w i t h  r e s e e d i n g ,  u r b a n  d e v e l o p m e n t ,  c r o p l a n d  e x p a n s i o n ,  
and  highway c o n s t r u c t i o n ,  t h e  a c c u r a c y  o f  t h e s e  s t a t i s t i c s  i s  
d e p e n d e n t  on t h e  o u t p u t  o f  t i m e l y  a e r i a l  and g r o u n d  s t u d i e s .  
F u n c t i o n  o f  Remote S e n s i n g  
Remotely s e n s e d  d a t a  c a n  l e a d  t o  improved t i m e l i n e s s  i n  
m o n i t o r i n g  c h a n g e s  i n  f o r e s t  l a n d  a r e a s  and  i n  c o s t  s a v i n g s  f o r  
t h e  m o n i t o r i n g  p r o c e s s .  The a c c u r a c y  o f  C o r e s t  a r e a  measure -  
m e n t s  w i t h  r e m o t e  s e n s i n g  a s  a n  a i d  i s  f a r  s u p e r i o r  t o  t h a t  o f  
o t h e r  p r o c e d u r e s .  
Economic and  T e c h n i c a l  Models  f o r  E s t i m a t i n g  B e n e f i t s  
B e n e f i t s  f o r  t h i s  R W  a r e  i n c l u d e d  i n  t h e  c a l c u l a t i o n  
u n d e r  RMF 2 . 2 . 1 ,  which  a c t u a l l y  a p p l i e s  t o  t h e  whole  f o r e s t  
i n v e n t o r y  p r o c e s s .  
C u r r e n t  ERTS A c t i v i t i e s  
The e x p e r i m e n t s  d i s c u s s e d  u n d e r  RMF 2 . 2 . 1  a l s o  a p p l y  
t o  t h i s  RMP. H e l l e r  h a s  o b s e r v e d  that s i m u l a t e d  t r u e  c o l o r  
enhancement  i s  e f f e c t i v e  f o r  d i s c r i m i n c t i o n  be tween  v e g e t a t i o n  
t y p e s ,  b a r e  s o i l  and  h a r v e s t e d  c r o p s .  D e t e c t i o n  o f  t i m b e r  
c u t t i n g  a r e a s  i s  a l s o  e a s y  on s i m u l a t e d  t r u e  c o l o r .  
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Estimate of ERTS Economic Capabilities 
Annual Benefits r 
Through RMF 2.2.1. 
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MEASURE FOREST TIMBER GROWTH AND REMOVALS BY TYPE AND LOCATION 
R a t i o n a l e  f o r  B e n e f i t s  
The d e s c r i p t i v e  v a r i a b l e s  o f  t h e  g r e a t e s t  i m p o r t a n c e  
f o r  management 0 1  t h e  t i m b e r  r e s o u r c e  a r e  g r o w t h  and r e m o v a l s ,  
s i n c e  t h e y  d e t e r m i n e  t h e  economic  o u t p u t .  Two g r o w t h  c o n c e p t s  
a r e  i m p o r t a n t - - t o t a l  g r o w t h  a n d  n e t  g r o w t h .  The l a t t e r  t a k e s  
a c c o u n t  o f  damage and m o r t a l i t y .  S t a t i s t i c s  o n  g r o w t h  and  
r e m o v a l s  b r o k e n  down i n  v a r i o u s  ways a r e  p a r t  o f  t h e  o u t p u t  o f  
t h e  u s u a l  i n v e n t o r y  p r o c e s s e s .  I n - p l a c e  r a p p i n g  o f  g r o w t h  i s  
p a r t i c u l a r l y  v a l u a b l e ,  s ~ n c e  it c o n t r i b u t e s  t o  e f f i c i e n t  
h a r v e s t i n g  d e c i s i o n s .  
F e d e r a l  Government A c t i v i t i e s  and  R e s p o n s i b i l i t i e s  
The f o r e s t  i n v e n t o r y  work o f  t h e  v a r i o u s  f e d e r a l  
a g e n c i e s  i s  d e s c r i b e d  i n  S e c t i o n  1 . 9  ( S t a t i s t i c a l  S e r v i c e s ) .  
C o n v e n t i o n a l  p r o c e d u r e s  f o r  e s t i m a t i n g  g rowth  and r e m o v a l s  
d i f f e r  l i t t l e  among t h e  v a r i o u s  i n v e n t o r i e s .  F o r  g r o w t h ,  
sample  t r e e s  a r e  marked a n d  t h e i r  g r o w t h  r a t e s  a r e  e s t i m a t e d  
by c o m p a r i s o n  o f  d i r e c t  measurements  made on d i f f e r e n t  
o c c a s i o n s .  By t h e  u s e  o f  s t a t i s t i c a l  s a m p l i n g  m e t h o d s ,  t h e s e  
d a t a  a r e  e x t r a p o l a t e d  t o  t h e  l e v 2 1  o f  i n t e r e s t .  
Measurement o f  t r e e  r e m o v a l s  i s  u s u a l l y  done  by g round  
c h e c k s  o f  t r e e  s t u m p s  a f t e r  c o n t r a c t  c u t t i n g ,  o r  L y  o b t a i n i n g  
remova l  f i g u r e s  from p r i v a t e  i n d u s t r y .  
F u n c t i o n  o f  Remote S e n s r n g  
R e m o ~ e  s e n s i n g  c a n  b e  a p p l i e d  t o  t h e  p r o b l e m  o f  
m e a s u r i n g  g r o w t h  i n  a t  l e a s t  two ways ,  One i s  t o  c o n c e n t r a t e  
on t h e  a c c u r a c y  o f  a r e a  measurements  s o  t h a t  t h e  e x t r a p o l a -  
t i o n  o f  g r o u n d - e s t i m a t e d  t r e e  g r o w t h  t o  f o r e s t  u n i t s  c a n  b e  
more p r e c i s e .  A n o t h e r  i s  t o  d e v e l o p  m u l t i s t a g e  s a m p l i n g  
p r o c e d u r e s  i n  which t h e  i n i t i a l  s t r a t i f i c a t i o n  i s  by g r o w t h -  
r e l a t e d  v a r i a b l e s  o b s e r v a b l e  by  t h e  r e m o t e  se r i soxs .  
With any e s t i m a t i o n  p r o c e d u r e ,  t h e  f r e q u e n t  c o v e r a g e  
o f  t h e  same a r e a  o b t a i n a b l e  w i t h  a n  E R S  s y s t e m  and t h e  
c a p a b i l i t y  o f  a s s o c i a t i n g  e s t i m a t e s  w i t h  s p e c i f i c  l o c a t i o n s  
p r o m i s e  t o  c o n s i d e r a b l y  improve  t h e  economic  v a l u e  o f  t h e  
g r o w t h  i n f o r m a t i o n  and t o  r e d u c e  t h e  c o s t  o f  p r o v i d i n g  i t  on a  
t i m e l y  b a s i s .  
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With  g r e a t e r  u s e  o f  r e m o t e  s e n s i n g ,  t h e  v a r i a b l e s  
c h o s e n  as  p r i m a r y  d e s c r i p t o r s  o f  t h e  f o r e s t  may c h a n g e .  N e t  
g r o w t h  minus  r e m o v a l s  ( c h a n g e  i n  i n v e n t o r y )  may b a  more 
d i r e c t l y  m e a s u r e d ,  a n d  o n  a n  i n - p l a c e  b a s i s ,  sc t h a t  t h e  
a c c u r a c y  o f  e s t i m a t e s  o f  t h i s  c r u c i a l  v a r i a b l e  w i l l  n o t  b e  
e r o d e d  by p r o p a g a t i o n  o f  s a m p l i n g  e r r o r s  i n  t h e  o t h e r  
v a r i a b l e s .  
Economic  a n d  T e c h n i c a l  Models  f o r  E s t i m a t i n g  B e n e f i t s  
S e e  RMF 2 . 2 . 1 ,  u n d e r  w h i c h  t h e  w h o l e  i n v e n t o r y  p r o c e s s  
i s  d i s c u s s e d .  
C u r r e n t  ERTS A c t i v i t i e s  
S e e  RMF 2 . 2 . 1  f o r  d i s c u s s i o n  of  e x p e r i m e n t s  b y  N i c h o l a  
a n d  L a n g l e y .  
E s t i m a t e  of ERTS Economic  C a p a b i l i t i e s  
A n n u a l  B e n e f i t s :  
Through  RMF 2.2 .1 .  
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FORECAST FOREST TIMBER SUPPLIES BY TYPE A N D  LOCATION 
R a t i o n a l e  f o r  B e n e f i t s  
F o r e c a s t s  o f  t i m b e r  s u p p l i e s  a r e  i m p o r t a n t  f o r  l o n g  
r a n g e  p l a n n i n g  o f  t i m b e r  management a c t i v i t i e s ,  a s  w e l l  a s  
f o r  making m l l l t i p l e - u s e  a l l o c a t i o n  d e c i s i o n s  a s  d i s c u s s e d  
u n d e r  RMF 2 . 4 . 5 .  I n  a d d i t i o n  t o  t h e i r  i m p o r t a n c e  w i t h i n  t h i s  
r e s o u r c e  management a r e a  t h e s e  d a t a  a r e  i m p o r t a n t  t o  l a n d  u s e  
p l a n n e r s ,  and economic p l a n n e r s  i n  government  and  i n d u s t r y  
g e n e r a l l y .  
F e d e r a l  Government A c t i v i t i e s  and  R e s p o n s i b i l i t i e s  -
Over t h e  p a s t  s e v e r , ' .  d e c a d e s ,  t h e  F o r e s t  S e r v i c e  h a s  
p e r i o d i c a l l y  reqriewed t h e  t i m b e r  s u p p l y  and  demand s i t u a t i o n  
i n  t h e  U n i t e d  S t a t e s .  The McSweeney-McNary F o r e s t  R e s e a r c h  
A c t  of  1928 p r o v i d e s  t h e  l e g i s l a t i v e  u n d e r p i n n i n g  f o r  t h e s e  
a c t i v i t i e s .  
I n  t h i s  a c t  t h e  S e c r e t a r y  o f  A g r i c u l t u r e  i s  d i r e c t e d  t o  
c o o p e r a t e  w i t h  t h e  oLher  f e d e - a 1  a g e n c i e s ,  s t a t e  f o r e s t r y  
a g e n c i e s ,  and p r i v a t e  i n d u s t r y ,  i n  " . . . . k e e p i n g  c u r r e n t  a  
comprehens ive  s u r v e y  .... of  t i m b e r  s u p p l i e s ,  i n c l u d i n g  a  
d e t e r m i n a t i o n  o f  t h e  p r e s e n t  and p o t e n t i a l  p r o d u c t i v i t y  o f  
f o r e s t  l a n d . .  . . 'I* To a s s i s t  t h e  F o r e s t  S e r v i c e  i n  making 
t h i s  n a t i o n a l  f a r e c a s t  o f  t i m b e r  s u p p l i e s ,  t h e  Bureau o f  Land 
Management, t h e  Bureau o f  I n d i a n  A f f a i r s ,  and t h e  T e n n e s s e e  
V a l l e y  A u t h o r i t y  make t h e  r e s u l t s  o f  t h e i r  i n d i v i d u a l  f o r e s t  
i n v e n t o r i e s  a v a i l a b l e  t o  t h e  F o r e s t  S e r v i c e .  
F u n c t i o n  o f  Remote S e n s i n g  
To t h e  e x t e n t  t h a t  r e m o t e  s e n s i n g  i m p r o v e s  t h e  q u a l i t y  
o f  t h e  i n f o r m a t i o n  a v a i l a b l e  t o  s u p p o r t  s u p p l y  f o r e c a s t s ,  i t  
b e n e f i t s  t h i s  RMF. I m p o r t a n t  improvements  may o c c u r  i n  t i m e  1- 
n e s s ,  c o m p r e h e n s i v e n e s s ,  and a c c u r a c y .  
Economic and T e c h n i c a l  Models f o r  E s t i m a t i n ~  B e n e f i t s  
B e n e f i t  mode l s  have  n o t  been  d e v e l o p e d  f o r  t h i s  
a c t i v i t y .  
* U . S .  F o r e s t  S e r v i c e ,  The O u t l o o k  f o r  Timber  (Wash ing ton ,  
D . C . ,  Government P u b l i c a t i o n  O f f i c e ,  19731 ,  p .  1. 
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Estimate of ERTS Economic Capabilities 
Annual B e n e f i t s :  
Not Estimated 
RMF No. 2.2.5 
DETERMINE COMMERCIAL CHARACTERISTICS OF FQREST TIMBER BY TYPE 
AND MATURITY 
R a t i o n a l e  f o r  B e n e f i t s  
- 
T h i s  i s  one o f  t h e  s t a t i s t i c a l  p r o d u c t s  o f  s t a n d a r d  
i n v e n t o r i e s .  I t  i s  v a l u a b l e  i n  a s s e s s m e n t  o f  t h e  p o t e n t i a l  
f o r  s u p p l y i n g  r a w  m a t e r i a l s  f o r  t h e  v a r i o u s  f o r e s t  p r o d u c t s .  
F e d e r a l  Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  -
The F o r e s t  S e r v i c e  p r e p a r e s  t h e s e  s t a t i s t i cs  as p a r t  
o f  t h e  F o r e s t  S u r v e y ,  and i n  more d e t a i l  i n  s u p p o r t  o f  t imber 
management a c t i v i t i e s  f o r  t h e  f o r e s t  l a n d s  u n d e r  i t s  a d m i n i s -  
t r a t i o n .  
S i n c e  t h e  F o r e s t  S e r v i c e  p r o v i d e s  t h e  a c c e p t e d  method- 
o l o g y  o f  f o r e s t  i n v e t t t o r y i n * ~  f o r  a l l  t h e  f e d e r a l  a g e n c i e s ,  t h e  
Bureau  o f  Land Management, t h e  Bureau o f  I n d i a n  A f f a i r s ,  and 
t h e  T e n n e s s e e  V a l l e y  A u t h o r i t y ,  f o l l o w  t h e  methods  d e s c r i b e d  i n  
RMF No. 2 . 2 . i .  
E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  
Annual  B e n e f i t s :  
Through RMF 2 .2 .1 .  
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DETERKINE PROPORTIONS OF TIMBER DESTRUCTION DUE TO VARIOUS 
NATURAL AGENTS 
R a t i o n a l e  f o r  B e n e f i t s  
T h i s  i n f o r m a t i o n  is  v e r y  v a l u a b l e  i n  c o n s e r v a t i o n  and  
i n  damage a s s e s s m e n t  and  p r e v e n t i o n  a c t i v i t i e s .  On ly  p a r t i a l  
s t a t i s t i c s  i n  t h i s  area c a n  c u r r e n t l y  be p r e p a r e d ,  b e c a u s e  o f  
t h e  d i f f i c u l t y  i n  e s t a b l i s h i n g  c a u s e s  o f  d e s t r u c t i o n .  
F e d e r a l  Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  
The F o r e s t  S e r v i c e ,  i n  c o o p e r a t i o n  w i t h  t h e  B u r e a u  o f  
Land Management, t h e  Bureau  o f  I n d i a n  A f f a i r s ,  and  t h e  
T e n n e s s e e  V a l l e y  A u t h o r i t y ,  d e t e r m i n e s  t h e  e x t e n t  o f  t i m b e r  
damage by v a r i o u s  n a t u r a l  a g e n t s .  One p u r p o s e  o f  t h e  F o r e s t  
S u r v e y  i s  t o  detect t h e  e x i s t e n c e  a n d  p r o p o r t i o n s  o f  a n y  
f o r e s t  d i s t u r b a n c e s .  Once a d i s t u r b a n c e  h a s  been f o u n d ,  
g r o u n d  crews are  s e n t  t o  t h e  a r e a  t o  d e t e r m i n e  t h e  c a u s e .  
Among t h e  v a r i o u s  a g e n t s  o f t e n  c a u s i n g  d i s t u r b a n c e s ,  a r e  p e s t s ,  
a n i m a l  damage, and  t r e e  diseases, 
C u r r e n t  ERTS A c t i v i t i e s  
Accord ing  t o  E a r t r S a t g s  F o r e s t r y  Case  S t u d y ,  K i r b y  h a s  
r e p o r t e d  r e c o g n i t i o n  o f  b u r n e d  o v e r  a r e a s  i n  Canada f rom color 
c o m p o s i t e  i n t e r p r e t a t i o n .  T u e l l e r *  r e c o g n i z e d  b u r n  s c a r s  i n  
Nevada f r o n  ERTS d a t a  a n d  : h a r a c t e r i z e d  them by a g e  c a t e g o r y .  
C o l w e l l  h a s  r e p o r t e d  s u c c e s s f u l  b u r n  a r e a  d e t e c t i o n  a n d  mapping 
a n d  g r o s s  f i r e  damage e v a l u a t i o n  i n  C a l i f o r n i a  as  w e l l  a s  f u e l  
h a z a r d  r e c o g n i t i o n  i n  f r o s t - k i l l e d  e u c a l y p t u s  s t a n d s .  
E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  
* See  RMF 2.4.1 
Annual  B e n e f i t s :  
Not E s t i m a t e d .  
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PREPARE RANGELAND INVENTORIXS 
Rationale for Benefits 
Rangeland inventories are statistical products 
essential to the management decisions of rangeland operators, 
The FRES* system of range inventory classifies resource units 
by eco-system, ownership, productivity, and condition. 
Resource units are .xological units that are homogeneous at the 
national level. Classification of rangeland areas by resource 
units improves productivity estimates, projections, condition 
assessments, and tread assessments. This information supports 
$razing allocation decisions and rangeland improvement 
decisions, 
Federal Government Activities and Responsibilities 
The Forest Service and the Bureau of Land Management 
are the Federal agencies most active in this function, Their 
inventories have been conducted every three to ten years, and 
have been designed fcr use in administering grazing allotaents 
and the other federal rangeland areas. In addition, the Soil 
Conservation Service inventories private rangelands when 
requested to do so by individual ranchers, and conducts the 
Conservation Needs Inventory, 
With the expanded responsibilities assigned by the 
Forest and Rangeland Environmental Management Act of 1974, the 
Forest Service can be expected to increase its activity in 
rangeland inventorying, monitoring and analysis. 
Functions of Remote Sensing 
Remote sensing may provide cost savings in this 
function, but its more important contribution will probably 
be to significantly inprove the timeliness and comprehen- 
siveness of rangeland inventories. Inventory information is 
not currently collected frequently enought or at enough loca- 
tions to fulfill its important monitoring function. 
* "Forest-Range Environmental Study", a program for the U.S. 
Forest Service, 1 9 7 0 - 1 . 3 7 2 .  
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Economic and  T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  o f  Remote 
S e n s e d  Data 
The E a r t h S a t  Rangeland Case  S t u d y  c a l c u l a t e s  c o s t  
s a v i n g s  b e n e f i t s  on  a n  e q u a l  c a p a b i l i t y  b a s i s  i n  t h e  r a n g e  o f  
$2.7 m i l l i o n  t o  $3.4 m i l l i o n .  T h e s e  f i g u r e s  r e p r e s e n t  p r e s e n t  
v a l u e  o f  c o n s t a n t  a n n u a l  b e n e f i t s  o f  $435,000 t o  $548,000,  
assumed t o  c o n t i n u e  f rom 1977  t h r o u g h  1986 ,  a n d  d i s c o u n t e d  t o  
1976.  
The a n n u a l  f i g u r e s  are c a l c u l a t e d  a s  a  d i f f e r e n c e  
be tween  c o n v e n t i o n a l  r a n g e l a n d  i n v e n t o r y  c o s t s  ( i n c l u d i n g  
a e r i a l  p h o t o g r a p h y  c o s t s )  a n d  estimates o f  c o s t s  u s i n g  ERS 
s y s t e m  i n t o r m a t i o n .  F o r  t h e  b e n e f i t  e s t i m a t e ,  t h e  c o s t s  o f  
a e r i a l  p h o t o g r a p h y  s h o u l d  b e  s u b t r a c t e d  f rom t h e  c o s t  s a v i n g s .  
On t h i s  b a s i s ,  t h e  a n n u a l  s a v i n g s  are  be tween  $100,000 a n d  
$210,000,  The p r e s e n t  v a l u e  o f  t h i s  a n n u a l  f l o w  f r o m  1977 t o  
i n f i n i t y ,  d i s c o u n t e d  t o  1975 ,  i s  $913,000 t o  $1.91 m i l l i o n .  
The u p p e r  v a l u e  i s  s t i l l  c o n s e r v a t i v e ,  b a s e d  o n  ERTS-1 
e x p e r i m e n t s  by  G .  B e n t l e y .  W e  u s e  it as t h e  s i n g l e  -bes tw 
e s t i m a t e .  
An a d d i t i o n a l  " i n c r e a s e d  c a p a b i l i t y "  b e n e f i t  es t imated 
on a n  e q u a l  b u d g e t  b a s i s  i s  $ 1 - 8  m i l l i o n .  T h i s  is  o b t a i n e d  a s  
f o l l o w s .  The ERS s y s t e m  c o s t  i s  $ .21 p e r  s q u a r e  m i l e ,  w h i l e  
t h e  c o s t  o f  t h e  c u r r e n t  s y s t e m  i s  $.94 p e r  s q u a r e  m i l e .  The 
s a v i n g  i s  t h u s  $ . 7 3  p e r  a c r e ,  o r  77 p e r c e n t .  The i n c r e a s e d  
c a p a b i l i t y  b e n e f i t  i s  t h e r e f o r e  
$1.9  x r -1. ( 1 - - 7 7 )  L - 7 7  I -1 m i l l i o n  = $ l . t  m i l l i o n .  
These  c o s t  s a v i n g s  b e n e f i t s  a r e  v e r y  s m a l l  compared t o  
p o s s i b l e  b e n e f i t s  a c h i e v e d  t h r o u g h  t h e  u s e  o f  improved r a n g e -  
l a n d  i n v e n t o r i e s  i n  o t h e r  s t a t i s t i c a l  a c t i v i t i e s  a n d  i n  
management a c t i v i t i e s  s u c h  as  s c h e d u l i n g  o f  l i v e s t o c k  g r a z i n g  
and p u r c h a s e s ,  management o f  f o r a g e  p r o d u c t i o n ,  c o n s e r v a t i o n ,  
r e s e a r c h ,  a n d  a d m i n i s t r a t i o n .  The "new c a p a b i l i t y o '  b e n e f i t s  
are b e s t  e s t i m a t e d  t h r o u g h  t h e  a n a l y s i s  o f  t h e s e  management 
a c t i v i t i e s .  
C u r r e n t  ERTS A c t i v i t i e s  
The f o l l o w i n g  s c i e n t i s t s  a r e  c u r r e n t l y  i n v e s t i g a t i n g  
ERTS c a p a b i l i t y  t o  p e r f o r m  r a n g e l a n d  i n v e n t o r i e s :  
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1. Gordon R. B e n t l e y  
Bureau o f  Land Management 
B u i l d i n g  #50 
Denver F e d e r a l  C e n t e r  
Denver, Colorado  80225 
Phone: 303-234-2374 
2.  D r .  James V .  Drew 
412 A d m i n i s t r a t i o n  B u i l d i n g  
U n i v e r s i t y  o f  Nebraska 
Lincol.1, Nebraska 68508 
Phone: 402-472-2875 
3. Rober t  C. H e l l e r  
P a c i f i c  F o r e s t  and Range S t a t i o n  
U . S .  Department o f  AgriculJ:ure 
P.O. Box 245 
Be rke l ey ,  C a l i f o r n i a  94901 
Phone: 415-486-3122 
E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  
The above e s t i m a t e s  ba sed  on E a r t h s a t ' s  s t u d y  a p p l y  t o  
a n  ERTS-like system:  
Annual B e n e f i t s :  
Equa l  C a p a b i l i t y ;  $1,900,000 
I n c r e a s e d  C a p a b i l i t y ;  $1,800,000 
New C a p a b i l i t y ;  Through l a t e r  RMF's. 
RMF N O .  2 . 2 . 8  
MEASURE RANGELAND YIELD 
R a t i o n a l e  f o r  B e n e f i t s  
T h e s e  s t a t i s t i c s  s u p p o r t  r a n g e  r e s o u r c e s  management  a n d  
a d m i n i s t r a t i o n ,  as  w e l l  as r e s e a r c h  d i r e c t e d  a t  i m p r o v i n g  l i v s -  
s t o c k  p r o d u c t i v i t y .  
F e d e r a l  Government  A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  
The F o r e s t  S e r v i c e  p r e p a r e s  t h e i r  s t a t i s t i c s  o n  a 
n a t i o n a l  b a s i s  as  p a r t  o f  p r o g r a m s  l i k e  t h e  F o r e s t - R a n g e  
E n v i r o n m e n t a l  T a s k  F o r c e .  
F u n c t i o n  o f  Remote S e n s i n g  
More a c c u r a t e ,  t i m e l y ,  a n d  c o m p r e h e n s i v e  s t a t i s t i c s  
c o u l d  b e  p r e p a r e d  w i t h  t h e  a i d  o f  a d d i t i o n a l  d a t a .  C o s t s  o f  
p r e p a r a t i o n  m i g h t  b e  r e d u c e d .  
C u r r e n t  ERTS A c t i v i t i e s  
Among t h e  many v a r i a b l e s  t o  b e  c o n s i d e r e d  i n  a n  
a c c u r a t e  a s s e s s m e n t  o f  r a n g e l a n d  y i e l d  a r e  t h e  p r e s e n c e  a n d  
s i z e  o f  e p h e m e r a l  l a k e s  w i t h i n  t h e  p e r e n n i a l  r a n g e l a n d .  A 
s t u d y  o f  C a l i f o r n i a ' s  f o r a g e  r e s o u r c e  u s i n g  ERTS-1 d a t a  f o u n d  
t h a t  t h e  e x i s t e n c e  a n d  m a g n i t u d e  o f  t h e s e  l a k e s  c a n  b e  
d e t e c t e d  on  a g i v e n  d a t e  u s i n g  MSS b a n d s  6 a n d  7 .*  
The m o s t  i m p o r t a n t  u s e  o f  ERTS i m a g e s  f o r  f o r e c a s t i n g  
r a n g e l a n d  y i e l d  i s  i n  m o n i t o r i n g  c h a n g e s  i n  f o r a g e  p l a n t  
c o n d i t i o n  a n d  d e v e l o p m e n t .  I t  was  f o u n d  i n  t h e  s t u d y  c i t e d  
a b o v e  t h a t  a n n u a l  r a n g e l a n d  c o n t a i n ' n g  r e c e n t l y  g e r m i n a t e d  
f o r a g e  s p e c i e s  c o u l d  b e  d i f f e r e n t i a t e d  f r o m  r a n g e l a n d  w h e r e  
g e r m i n a t i o n  h a d  n o t  o c c u r e d .  
E s t i m a t e  o f  ERTS Economic  C a p a b i l i t i e s  -
Annua l  B e n e f i t s :  
Not e s t i m a t e d .  
* David  M. C a r n e g g i e ,  S t e p h e n  D. D e G l o r i a ,  " M o n i t o r i n g  
C a l i f o r n i a ' s  F o r a g e  R e s o u r c e  U s i n g  ERTS-1 a n d  S u p p o r t i n g  
A i r c r a f t  D a t a , "  f r o m  Symposium on  S i g n i f i c a n t  R e s u l t s  
O b t a i n e d  f rom t h e  E a r t h  R e s o u r c e s  T e c h n o l o g y  s a t e l l i t e ,  
(New C a r r o l l t o n ,  M a r y l a n d ,  1 9 7 3 ) ,  p .  9 3 .  
RMF No. 2 . 2 . 9  
FORECAST RANGELAND YIELD 
Rationale for Benefits 
These forscasts support efficient allocation decisions 
in rangeland management and livestock growing. 
Federal Government Activities and Responsibilities 
The Forest Service includes these forecasts in the 
analytical work of the Forest Scrvey and of special programs 
like FRES. 
The Service has developed long-term prediction techni- 
ques based on repeated sampling from permanently established 
clusters. 
Short-term forecasts are generally made on the basis 
of visual evidence in the field and from aircraft or heli- 
copters. Several  investigation^ have also developed prediction 
techniques based on weather data. 
Function of Remote Sensing 
Additional information can improve the accuracy, 
detail, and comprehensiveness of short-term and long-term 
rangeland yield forecasts. 
Current ERTS Activities 
Accurate assessment of rangeland seeding is accom- 
plished by detecting the extent of germination for the area 
under study. A report on California's forage resource 
demonstrated the capability of ERTS data to differentiate 
classes of forage plant condition including germination.* 
Estimate of ERTS Economic Capabilities 
Annual Benefits: 
Not Estimated. 
* David M. Carneggie, Stephen D. DeGloria, "Monitoring 
California's Forage Resource Using ERTS-1 and Supporting 
~ircraft Data," from Symposium on Significant Results 
Obtained from the Earth Resudrces Technology Satellite, 
(New Carrollton, Maryland, 1973), p. 93. 
RMF No. 2.2.10 
ASSESS RANGE FORAGE CONDITIONS 
Rationale for Benefits 
Accuracy and timeliness of range forage condition 
assessments are extremely important to the range managers and 
livestock owners who use this information for allocation 
decisions. 
Federal Government Activities and Responsibilities 
Much of the statistical work of the agencies adminis- 
trating rangelands belongs to this RMF. The bulk of this 
information is prepared by the Statistical Reporting Service 
of the U.S. Department of Agriculture, which collects data on 
crops and livestock products and distributes them in hundreds 
of reports each year. Monthly reports show reported range 
forage conditions in 17 states, and also includes comments on 
general range forage conditions for each state individually 
and for the Western range regions. These reports are based on 
mailed inquiries sent monthly to ranchers and farmers. 
The rangeland inventories of the Forest Service and the 
Bureau of Land Management also provide information on forage 
conditions. 
Function of Remote Sensing 
Remotely sensed data could improve the economy of the 
assessment process and improve accuracy and timeliness. 
Current ERTS Activities 
Gordon Bentley of the Bureau of Land Management is 
conducting a study entitled, "To Advance Predict Ephemeral 
and Perenni,~l Range Quantity and Quality During Normal Grazing 
Season. " He may be reached at: 
Bureau of Land Management 
Building B50 
Denver Federal Center 
Dqnver, Colorado 80225 
Pnone: 303-234-2374 
David Carneggie and Stephen DeGloria of the University 
of California at Berkeley 'rave produced a report entitled, 
"Monitoring California's Yorage Resource using ERTS-1 and 
Supporting Aircraft Data." They concluded that the most 
RMF No. 2.2.10 
important use of the ERTS imagery for evaluating rangelands lay 
in ERTS monitoring of changes in forage plant condition and 
development. 
Estimate of ERTS Economic Capabilities 
- 
Annual Benefits: 
Through RMF 2 . 2 . 7 .  
RMF No. 2 .2 .11  
FORECAST RANGE FORAGE CONDITIONS 
R a t i o n a l e  f o r  B e n e f i t s  
These  f o r e c a s t s  a r e  e x t r e m e l y  i m p o r t a n t  i n  r a n g e l a n d  
management,  p a r t i c u l a r l y  i n  s c h e d u l i n g  and a l l o t i n g  l i v e s t o c k  
t o  g r a z i n g  a r e a s .  
F e d e r a l  Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  
The F o r e s t  S e r v i c e  and t h e  Bureau  o f  Land Management 
e x p e r t s  c u r r e n t l y  f o r e c a s t  r a n g e  f e e d  c o n d i t i o n s  t h r o u g h  t r e n d  
a n a l y s i s  a t  v a r i o u s  l e v e l s  o f  s o p h i s t i c a t i o n ,  f rom l a r g e  
s u r v e y s  o f  s a m p l e  l o t s  t o  c a s u a l  i m p r e s s i o n s  o f  p e r s o n n e l .  
S e v e r a l  r a n g e  s c i e n t i s t s  h a v e  d e v e l o p e d  r e g r e s s i o n  
e q u a t i o n s  b a s e d  o n  w e a t h e r  d a t a  t o  p r e d i c t  f o r a g e  y i e l d .  
U n f o r t u n a t e l y  t h e s e  p r e d i c t i o n s  a r e  now b l s e d  on  w e a t h e r  d a t a  
f rom w i d e l y  s c a t t e r e d  w e a t h e r  s t a t i o n s ,  making e x t r a p o l a t i o n  
d i f f i c u l t  and s u b j e c t  t o  u n c e r t a i n t y .  I n  a d d i t i o n ,  w e a t h e r  
d s t a  a r e  n o t  a l w a y s  a v a i l a b l e  f r o m  g r o u n d  s t a t i o n s  o v e r  many o f  
t h e  r a n g e l a n d s .  T h i s  s e v e r l y  r e s t r i c t s  t h e  u s e  o f  s u c h  
p r e d i c t i v e  models .  
C u r r e n t  ERTS A c t i v i t i e s  
ERTS d a t a  p r o v i d e s  a pe rmanen t  r e c o r d  o f  r a n g e  
c o n d i t i o n s  a t  a  g i v e n  d a t e  and f o r  a  g i v e n  y e a r .  A c o m p a r i s o n  
o f  ERTS i m a g e s  w i t h  a i r c r a f t  d a t a  o b t a i n e d  i n  p r e v i o u s  y e a r s  
r e v e a l s  t h e  d i f f e r e n c e  i n  r a n g e  c o n d i t i o n  be tween  y e a r s .  ERTS 
d a t a  a c q u i r e d  on a  y e a r - t o - y e a r  b a s i s  c a n  p r o v i d e  t h e  f i r s t  
e f f e c t i v e  means f o r  compar ing  c h a n g e s  i n  r a n g e  c o n d i t i o n  from 
y e a r  t o  y e a r  f o r  l a r g e  r a n g e l a n d  a r e a s . *  
E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  
Annual  B e n e S i t s :  
Not E s t i m a t e d .  
- 
* David M .  C a r n e g g i e ,  S t e p h e n  D .  D e G l o r i a ,  " M o n i t o r i n g  
C a l i f o r n i a ' s  F o r a g e  R e s o u r c e  Us ing  ERTS-1 and  S u p p o r t i n g  
A i r c r a f t  D a t a " ,  f rom Symposium on S i g n i f i c a n t  R e s u l t s  
O b t a i n e d  f rom t h e  E a r t h  R e s o u r c e s  Techno logy  S a t e l l i t e ,  
(New C a r r o l l t o n ,  Mary land ,  1 9 7 3 ) ,  p .  94 .  
RMF No. 2.2.12 
ASSESS WILDLXFE HABITATS 
Rationale for Benefits 
Statistical information on wildlife habitats is 
currently scarce and difficult to obtain, though it is very 
valuable in estimating wildlife populations and in conservation 
and wildlife management activities, particularly in the wetland 
areas. 
Federal Government Activities and Responsibilities 
The Bureau of Sport Fisheries and Wildlife of the 
Department of '\e Interior has responsibility for monitoring 
wildlife habitats. It currently makes a semiannual survey of 
the prairie potholes to forecast waterfowl availability. A 
national inventory of wetlands is being planned, as authorized 
by the Fish and Wildlife Coordination Act. Previously wetlar-ds 
inventories have been conducted at 20 year intervals. The Soil 
Conservation Service of the United States Department of 
Agriculture, conducts a national inventory of soil and water 
conservation needs a< part of its Land Inventory and Monitoring 
Program. 
Non-Federal Activitiec 
The Connecticut Wetlands Protection Act directs the 
Department of Environmental Protection to inventory 
Connecticut's coastal wetlands. New York State has similar 
legislation. 
Functions of Remote Sensinp 
Remote sensing promises to increase comprehensiveness 
of wildlii, habitat inventories. 
Current ERTS Activities 
Carl E. Abegglen of the Bureau of Sport Fisheries and 
Wildlife is conducting a study entitled, "Evaluation of Space 
Acquired Data as a Tool for Management of Wildlife Habits in 
Alaska." Mr. Abegglen may be reached at: 
Division of Wildlife 
Bureau of Sport Fisheries and Wildlife 
813 D Street 
Anchorage, Alaska 99501 
Phone: 907-265-2898 
RMF N o .  2 . 2 . 1 2  
Estimate of E R T S  E c o n o m i c  Capabilities 
- 
A n n u a l  Benefits: 
Not Estimated. 
RMF No. 2 . 3 . 1  
ESTABLISH G R E .  W A V E  A N D  BROWN WAVE ZALENDARS BY FOREST OR 
R A N G E L A N D  VEGETATION TYPE 
R a t i o n a l e  f o r  B e n e F i t s  
T h e s e  p h e t , o l o g i c h l  G a t a  a r e  i m p o r t a n t  f o i  i n s e c t  damaqe 
z o n t r o l  e c t i v i t i e s  i n  t h e  f o r e s t s ,  f o r  f i r e  damage p r e v e n t i o n  
i n  f o r e s t s  a n d  r a n g e l a n d s ,  a n d  f o r  p r e p a r i n g  r a n g e l a n d  c r o p  
a s s e s s m e n t s  a n d  f o r e c a s t s .  
F e d e r a l  Government  A c t i v i t i e s  a n d  R e s p o n s i b i l i t i 2  
- 
The F o r e s t  S e r v i c e  h a s  b a s i c  r e s p o n s i b i l i t y  f o r  p r e -  
p a r i n g  a n d  d i s s e m i n a t i n g  i n f o r m a t i o n  o f  t h i s  t y p e .  
F u n c t i o n  o f  Remote S e n s i n g -  
Remote ly  s e n s e d  d a t a  c o u l d  l e a d  t o  c o s t  s a v i n g s  i n  p r e -  
p a r i n g  c a l e n d a r s  c u r r e n t l y  i n  u s e ,  a s  w e l l  a s  l e a d i n g  t o  t h e  
p r e p a r a t i o n  o f  more c o m p r e h e n s i v e  a n d  r e l i a b l e  c a l - n d a r s .  
C u r r e n t  ERTS A c t i v i t a  
D r .  B.  E. D e t h j e r  
D e p a r t m e n t  o f  Agronomy 
Box 2 1 ,  Emerson H a l l  
C o r n e l l  U n i v e r s i t y  
I t h a c a ,  New York 14850  
Phone:  607-256-3034 
D r .  D e t h i e r ' s  s t u d y  i s  e n t i c l e d ,  " P h e n o l o g y  S a t e l l i t e  E x g * ? r i -  
ment  ( G r e e n w a r e  NE-69) " . 
The r e c o r d i n g  o f  p h e n o l o g i c a l  c a l e n d a r s  by ERTS-1 m u l t i -  
s p e c t r a l  d a t a  i s  a c c o m p l i s h e d  by  d e t e c t i n g  r e l a t i v e  c h a n g e s  o f  
s p e c t r a l  r e f l e c t a n c e  t h r o u g h  t i r e  o f  f o r e s t s ,  r a n g e l a n d s ,  a n d  
s p e c i f i e d  c r o p s .  I n  a p h e n o l o g i c a l  s t u d y  o f  t h e  A p p a l a c h i a n  
C d r r i d o r  a n d  t h e  M i s s i s s i p p i  V a l l e y  C o r r i d o r ,  r e s e a r c h e r s  f o u n d  
t h a t  a n a l y s i s  o f  g r o u n d  o b s e r v a t i o n  p h o t o g r a p h y  a n 3  ERTS-1 
i m a g e r y  i n d i c a t e d  v e g e t a ' i o n  c h a n g e s  v e r y  w e l l .  A c c o r d i n g i y ,  
t h e  s t u d y  grciup ( l s o  c o n c l u d e d  t h a t  s p e c i f i c  p h e n o l o g i c ~ l  e v e n t s  
s u c h  a s  c r o p  m a t u r i t y  a n d  l e a f  f a l l  c a n  Lt.: niL.pped f o r  s p e c i f i c  
s i t e s  a i ~ d  e n t i r e  r e g i o n s .  * 
* B e r n a r d  D e t h i e r ,  N a r s h a l l  A s h l e y ,  B y r a r  B l a i r  a n d  R i c h a r d  
H O P P I  " P h e n o l o g y  S a t e l l i t e  E x p e r i m e n t "  f r o m  gymposiun-LS 
S i g n i f f c a n t  R e s u l t s  O b t a i n e d  f r o m  E a r t h  ~ e s o u r c e s  
- 
T e c h n o l o g y  S a t e l l i t e - 1  (New C a r r o l l t o n ,  M a r y l a n d ,  1 9 7 3 ) ,  
p .  1 5 7 .  
RNF No. 2.3.1 
earthsat reports that McMurty in Pennsylvania and 
Colwell in California have used multidate imagery showing 
phenclcgical changes in vegetation to aid in vegetation type 
discrimination. McMurty has reported separation of softwoods 
f~.om hardwoods using this technique. 
Dr. Jay McKendrick 
Institute of Agriculture Science 
University of Alaska 
Palmer, Alaska 99645 
Phone: 907-745-3257 
Dr. HcKendrick's study is entitled, mIdentification of 
Phenological Stages and Vegetation Types for Land Use Classifi- 
cation in Wilderness Area". 
Dr. John W. Rouse 
Remote Sensing Center 
Texas A & H University 
College Station, Texas 77843 
Phone: 713-845-5422 
Dr. Rouse is vorking o? a study entitled, "Monitor Vernal 
Advancement and Retrogradation (Green Wave Effect) of Natural 
Vegetation in Great Plains Corridor". 
Estimate of ERTS Economic Capabilities 
Annual Benefits: 
Not Estimated. 
RMF N o .  2 . 3 . 2  
ESTABLISH CALENDARS FOR CYCLICAL P A T T E R N S  OF I N S E C T  INFESTATION 
I N  FORESTS 
Rationale for Benefits 
Such information would be useful in insect damage 
reduction and in research on insect damage. 
Federal Government Activities and ~esponsibilities 
The United States Forest Service has basic responsi- 
bility for preparing and disseminating information of this 
type 
Estimate of ERTS Economic Capabilities 
Annual Benefits: 
Not Estimated. 
RMF No. 2.3.3 
DETERMINE SCHEDULE OF GRAZING OPPORTUNITIES ON RANGELANDS 
Rationale for Benefits 
Timing of livestock grazing in rangelands is a critical 
area of range management. 
The Forest Service and Pureau of Land Management 
currently make adjustments in schedules for access to their 
perennial ranges only at the permittees request. Information 
on the actual period of range readiness is seldom available. 
Function of Remote Sensing 
Remote sensing may make it possible to extrapolate the 
limited information effectively to improve accuracy of grazing 
opportunity calendars. 
Estimate of ERTS Economic Capabilities 
Annual Benefits: 
Not Estimated. 
RMF No. 2 .3 .4  
ESTABLISH CALENDAR OF WILDLIFE HABITAT CHANGES 
Rational for Benefits 
Regular comprehensive inspection of wildlife areas can 
lead to information on general patterns that could rot other- 
wise be obtained. 
Federal Government Activities and Responsibilities 
The Bureau of Sport Fisheries and Wildlife of the 
Department of the Interior has the basic responsibility for 
federal government work in this area. 
Estimate of ERTS Economic Capabilities 
Annual Benefits: 
Not Estimated. 
RMF No. 2 .4 .1  
MANAGE TIMBER HARVEST 
R a t i a n a l e  f o r  B e n e f i t s  
- 
The demand f o r  t i m b e r  p r o d u c t s  h a s  been  i n c r e a s i n g  
s t e a d i l y  i n  r e c e n t  y e a r s ,  and  f u r t h e r  s u b s t a n t i a l  i n c r e a s e s  
a r e  p r o j e c t e d .  More i n t e n s i v e  a n d  c o m p r e h e n s i v e  management 
c a n  i n c r e a s e  s u p p l i e s  t o  meet t h i s  demand. The b e n e f i t s  o f  
t i m b e r  management are a c h i e v e d  t h r o u g h  i n c r e a s e d  s u s t a i n e d  
y i e l d s  of t i m b e r  s i m u l t a n e o u s l y  w i t h  p r o t e c t i o n  o r  enhancement  
o f  non- t imber  f o r e s t  v a l u e s  s u c h  a s  w a t e r ,  w i l d l i f e ,  r e c r e a t i o n ,  
a n d  f o r a g e .  The i m p o r t a n c e  o f  t h e  management o f  t h e  h a r v e s t  
o f  t i m b e r  i s  p r i m a r i l y  i n  a s s u r i n g  t h a t  d e s i r e d  t i m b e r  y i e l d s  
a r e  c b t a i n e d  w i t h  a  minimum d e s t r u c t i o n  o f  t h e  v i t a l  non- 
t i m b e r  v a l u e s .  
F e d e r a l  Government A c t i v i t i e s  and  R e s p o n s i b i l i t i e s  
The F o r e s t  S e r v i c e  is t h e  f e d e r a l  a g e n c y  m o s t  a c t i v e  
i n  management o f  t i m b e r  p r o d u c t i o n .  The B u r e a u  o f  Land 
Management, t h e  Bureau  o f  I n d i a n  A f f a i r s ,  t h e  T e n n e s s e e  V a l l e y  
A u t h o r i t y ,  and t h e  Army C o r p s  o f  E n g i n e e r s ,  a l l  p e r f o r m  some 
management a c t i v i t i e s  r e l a t i v e  t o  t h e  t i m b e r  l a n d s  t h e y  
a d m i n i s t e r .  
The F o r e s t  S e r v i c e  manages  t i m b e r  l a n d  i n  t h e  N a t i o n a l  
Forests,  which  a c c o u n t  f o r  a b o u t  18 p e r c e n t *  o f  t h e  t o t a l  U . S .  
commerc ia l  t i m b e r l a n d s .  The S e r v i c e  a l s o  e n c o u r a g e s  more 
e f f i c i e n t  t i m b e r  management o n  o t h e r  p u b l i c  l a n d s  a n d  o n  
p r i v a t e  l a n d s  t h r o u g h  s u c h  m e a s u r e s  as g e n e r a l  f o r e s t  p r o t e c -  
t i o n  f rom f i r e  a n d  o t h e r  d e s t r u c t i v e  a g e n t s ,  t e c h n i c a l  
a s z i s t a n c e  a n d  e d u c a t i o n a l  e f f o r t s ,  c o s t  s h a r i n g  o f  f o r e s t r y  
p r a c t i c e s ,  ant? c o n t r o l s  on  t i m b e r  c u t t i n g  p r a c t i c e s .  The 
F o r e s t  S e r v i c e  a n n u a l  b u d s e t  f o r  N a t i o n a l  F o r e s t  management i s  
a b o u t  $ 2 3 0  m i l l i o n .  * *  
Timber  h a r v e s t s  i n  t h e  N a t i o n a l  F o r e s t  Sys tem a r e  
managed t h r o u g h  t h e  c o n d u c t  o f  t i m b e r  s a l e s .  T h e s e  a r e  h e l d  
by t h e  r a n g e r s  r e s p o n s i b l e  f o r  t h e  management o f  t h e  d i s t r i c t s  
o f  t h e  N a t i o n a l  F o r e s t s .  S a l e s  a r e  awarded t h r o u g h  a u c t i o n  
b i e d i n g ,  b e g i n n i n g  a t  a  p r i c e  e s t a b l i s h e d  by t h e  r a n g e r  o n  t h e  
b a s i s  o f  an  a p p r a i s a l .  The p l a n n i n g  and  e x e c u t i o n  o f  t i m b e r  
* U.S. F o r e s t  S e r v i c e ,  O u t l o o k  f o r  T imber ,  (Government 
P r i n t i n g  O f f i c e ,  W a s h i n g t o n ,  D.C., 1 9 7 3 ) ,  p .  11. FRR-20. 
* *  Apper i x  t o  t h e  Budget  o f  t h e  F e d e r a l  Government ,  F i s c a l  
Year  , 9 7 5 ,  p .  205 .  
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s a les  is w i t h i n  g u i d e l i n e s ,  o f t e n  i n c l u d i n g  a  q u o t a ,  f r o m  t h e  
N a t i o n a l  F o r e s t  s u p e r v i s o r .  The p l a n n i n g  s t a g e  i n c l u d e s  t h e  
l o c a t i o n  o f  m a t u r e  t i m b e r  t o  c o n s t i t u t e  t h e  sa le  a n d  a n  
e s t i m a t e  o f  i t s  volume f o r  a p p r a i s a l  p u r p o s e s .  
The i n f o r m a t i o n  n e e d s  o f  t h e  U . S .  F o r e s t  S e r v i c e  i n  
t i m b e r  management  a re  m e t  p r i m a r i l y  by i t s  T imber  Management 
a n d  P l a n n i n g  D i v i s i o n  w h i c h  c o n d u c t s  a "management  p l a n n i n g u  
i n v e n t o r y  t o  p r e p a r e  l o n g  r a n g e  management  s c h e d t ~ l e s  a n d  g u i d e -  
l i n e s .  The FY 1 9 7 3  b b d g e t  ' a l i o c a t i b n  f o r  t h i s  i n v e n t o r y  was 
$3.5 m i l l i o n . *  B e f o r e  mak ing  d e c i s i o n s  o n  t h e  e x t e n t  a n d  
p a t t e r n  o f  t i m b e r  h a r v e s t s ,  more d e t a i l e d  d a t a  a re  r e q u i r e d .  
To m e e t  t h i s  n e e d ,  t h e  D i v i s i o n  c o n d u c t s  a s i l v i c u l t u r a l  
e x a m i n a t i o n  p r o g r a m  d e s i g n e d  e s p e c i a l l y  t o  i d e n t i f y ,  map, 
m e a s u r e ,  a n d  p r e s c r i b e  t r e a t m e n t  f o r  e a c h  t i m b e r  s t a n d .  The 
F Y  1 9 7 3  b u d g e t  a l l o c a t i o n  f o r  t h i s  a c t i v i t y  w a s  $ 3 . 1  m i l l i o n . * *  
Of c o u r s e  t h e s e  management  i n f o r m a t i o n  s o u r c e s  are s u p p l e m e n t e d  
by t h e  s t a t i s t i c a l  d a t a  o f  t h e  F o r e s t  S u r v e y  D i v i s i o n ,  whose  
a c t i v i t i e s  a r e  o u t l i n e d  u n d e r  t h e  r e s o u r c e  r n ~ n a g e m e n t  
a c t i v i t i e s  o f  mapping  (see 1 . 8 )  a n d  s t a t i s t i c a l  s e r v i c e s  
( s e e  1 . 9 ) .  
The Bureau  o f  I n d i a n  A f ' p - . i r s  manages  1 6  n i l l i o n  
a c r e s * * *  o f  I n d i a n  f o r e s t  l a n d s .  Management o f  t i m b e r  
p r o d u c t i o n  on  t h e s e  l a n d s  i s  a m i x t u r e  o f  p c b l i c  and  p r i v a t e  
i n t e r e s t s ,  w i t h  t h e  m a j o r  o b j e c t i v e  o f  p r o d u c i n g  income  f o r  
t h e  I n d i a n  o w n e r s .  
The B u r e a u  o f  L a n d  Management a d m i n i s t e r s  1 1 4  m i l l i o n  
a c r e s  o f  f o r e s t  a n d  w o o d l a n d ,  2 8  m i l l i o n  a c r e s  o f  w h i c h  i s  
c l a s s i f i e d  as c o m m e r c i a l  t i m b e r  l a n d . * * * *  Though t h i s  B u r e a u  
is  p r i m a r i l y  a  l a n d  manag ing  a g e n c y  w i t h  l i m i t e d  r e s p o n s i -  
b i l i t i e s  i n  f o r e s t r y ,  i t s  p o l i c i e s  a f f e c t  v a l u a b l e  t imber 
lands i n  Oregon ,  C a l i f o r n i a  t n d  A l a s k a .  
* M r .  S u l l i v a n ,  P e r s o n a l  T e l e p h o n e  C o n v e r s a t i o n  o f  
Augus t  8 ,  1 9 7 4  b t  1 1 : O O  A . M .  M r .  S u l l i v a n  i s  a 
member o f  t h e  T imber  Management D i v i s i o n .  202-447-7495.  
** I b i d .  
-
* * *  A l b e r t  C .  W o r r e l l ,  P r i n c i p l e s  of F o r e s t  ? o l i c y ,  
(New York:  McGraw-Hil l  Book Company, 1 5 7 0 ) ,  p.  1 8 4 .  
* * * *  I b i d . ,  p .  1 8 4 .  
-
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The  T e n n e s s e e  V a l l e y  A a t h o r i t y  i s  a n  i n d e p e n d e n t  
f e d e r a l  a g e n c y  w h i c h  h a s  p l a y e d  a n  i m p o r t a n t  r o l e  i n  f o r e s t  
management  w i t h i n  t h e  T e n n e s s e e  R i v e r  s y s t e m .  F o r e s t  Maraage- 
ment  w i t h i n  t h e  TVA is  p e r f o r m e d  b y  t h e  D i v i s i o n  o f  F o r e s t r y  
Deve lopmen t .  
Non-Fede ra l  A c t i v i t i e s  
S i n c e  m o s t  c o m m e r c i a l  f o r e s t  l a n d  i n  t h e  U n i t e d  S t a t e s  
i s  p r i v a t e l y  owned,  t i m b e r  management  i s  p r i m a r i l y  a p r i v a t e  
a c t i v i t y .  Some o f  t h e  l a r g e s t  p r i v a t e  t i m b e r  h o l d i n g s  are a s  
f o l l o w s :  B o i s e  C a s c a d e ,  6.8 m i l l i o n  acres;  Champion I n t e r n a -  
t i o n a l ,  7 . 0  m i l l i o n  acres;  C h e s a p e a k e  C o r p o r a t i o n  o f  V i r g i n i a ,  
3 2 2 , 0 0 0  acres; Crown Z e l l e r b a c k ,  1 . 3  m i l l i o n  a c r e s ;  G r e a t  
N o r t h e r n  Nekovsa ,  2.7 m i l l i o ?  acres. 
P r i v a t e  f o r e s t  o w n e r s  a n d  m a n a g e r s  make c o n s i d e r a b l 2  
u s e  o f  t h e  p u b l i s h e d  d a t a  o f  khe F o r e s t  S u r v e y .  T h e s e  da ta  
a re  i m p o r t a n t  f o r  l o n g  r a n g e  p l a n n i n g ,  c a p i t a l  a l l o c a t i o n  
d e c i s i o n s ,  g e n e r a l  e v a l u a t i o n s  o f  r a w  mater ia l  s o u r c e s ,  
p r o j e c t i o n s  o f  f o r e s t  r e s o u r c e  s u p p l i e s ,  a n d  p r o j e c t i o n s  o f  
m a r k e t s  a n d  p r i c e s .  More s p e c i f i c  i n v e n t o r y  d a t a  a r e  a l s o  
r e q u i r e d  i n  t imber management ,  p a r t i c u l a r l y  i n  p l a n n i n g  
s p e c i f i c  t r e a t m e n t s  s u c h  a s  p l a n t i n g ,  c u t t i n g ,  a n d  t h i n n i n g .  
P r i v a t e  c o m p a n i e s  c u r r e n t l y  o b t a i n  t h e s e  d a t a  l a r g e l y  t h r o u g h  
i n v e n t o r y  c o n t r a c t s  w i t h  f o r e s t r y  c o n s u l t a n t s .  
F u n c t i o n  o f  Remote S e n s i n g  
Remote s e n s i n g  t h r o u g h  a i r c r a f t  p h o t o g r a p h y  h a s  
i m p r o v e d  t i m b e r  management  i n  p a s t  y e a r s  by i n c r e a s i n g  t h e  
a c c u r a c y ,  t i m e l i n e s s ,  a n d  c o m p r e h e n s i v e n e s s  o f  t imber  
i n v e n t o r i e s  a n d  r e l a t e d  management  i n f o r m a t i o n  s u c h  as g r o w t h  
a n d  c o n d i t i o n  s t a t i s t i c s .  ERS-de r ived  i n f o r m a t i o n  c a n  b e  
e x p e c t e d  t o  i m p r o v e  t i m b e r  management  f u r t h e r  i n  t h e  same way. 
I n  a d d i t i o n ,  E R S  d a t a  may make p o s s i b l e  t h e  c r e a t i o n  
a n d  e f f i c i e n t  m a i n t e n a n c e  o f  l a r g e  d a t a  b a s e s  describing t h e  
t i m b e r  r e s o u r c e .  The u s e  o f  s u c h  d a t a  b a s e s  a n d  t h e  
c o m p u t e r i z e d  m o d e l s  w h i c h  t h e y  s u p p o r t  may c o n t r i b u t e  t o  
b e t t e r  c o o r d i n l t i o n  o f  t i m b e r  management  d e c i s i o n s  o n  t h e  
n a t i o n a l  a n d  r e g i o n a l  l e v e l s .  The new F o r e s t  a n d  R a n g e l a n d  
E n v i r o n m e n t a l  Management A c t  o f  1 9 7 4  ( S e c t i o n  6a)  s p e c i f i c a l l y  
c a l l s  f o r  c o o r d i n a t i o n  o f  r e s o u r c e  u s e  p l a n s  f o r  u n i t s  o f  t h e  
N a t i o n a l  F o r e s t  S y s t e m  a n d  f o r  c o o r d i n a t i o n  o f  p l a n n i n g  among 
t h e  f e d e r a l  a g e n c i e s  a n d  s t a t e  a n d  l o c a l  g o v e r n m e n t s .  
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U n i f i e d  and  c o m p r e h e n s i v e  i n v e n t o r y  i n f o r m a t i o n  i n  
c o m p u t e r i z e d  d a t a  b a s e s  c a n  c o n s i d e r a b l y  r e d u c e  t h e  e x t r a  
i n v e n t o r y  work c u r r e n t l y  r e q u i r e d  f o r  h a r v e s t  management .  
F o r  h a r v e s t  p u r p o s e s ,  vo lume a n d  g r o w t h  i n f o r m a t i o n  m u s t  b e  
l o c a t i o n  s p e c i f i c .  W e l l  d e s i g n e d  m u l t i s t . a g e  s a m p l i n g  
p r o c e d u r e s  u s i n g  ERS d a t a  t a p e s  f o r  i n i t i a l  c l a s s i f i c a t i o n  
c a n  p r o v i d e  l o c a t i o n - s p e c i f i c  i n f o r m a t i o n  c o m p r e h e n s i v e l y  
a n d  f r e q u e n t l y ,  s o  t h a t  much o f  t h e  d a t a  c o l l e c t i o n  c u r r e n t l y  
r e c u i r e d  f o r  h a r v e s t  management  may b e  e l i m i n a t e d .  The  
c o m b i n a t i o n  o f  t i m e l i n e s s  a n d  c o m p r e h e n s i v e n e s s  o f  r e m o t e  
s e n s i n g  i s  t h e  s o u r c e  o f  t h i s  a d v a n t a g e .  A s  i s  i n d i c a t e e  by 
t h e  c a l c u l a t i o n s  o f  t h e  n e x t  s e c t i o n ,  t h e s e  p r o p e r t i e s  c a n  b e  
t r a n s f o r m e d  i n t o  p r e c i s i o n  o f  t h e  s t a t i s t i c a l  s a m p l i n g  p r o c e s s ,  
making  it p o s s i b l e  t o  v i r t u a l l y  e l i m i n a t e  t h e  c o s t  o f  s a m p l i n g  
error .  
Economic and  T e c h n i c a l  Models  f o r  E s t i m a t i n g  B e n e f i t s  o f  
Remote S e n s e d  D a t a  
E q u a l  c a p a b i l i t y  a n d  i n c r e a s e d  c a p a b i l i t y  b e n e f i t s  t o  
t i m b e r  management  f u n c t i o n s  a r e  b a s e d  o n  c o s t  s a v i n g s  i n  d a t a  
c o l l e c t i o n  a n d  i n v e n t o r y  p r e p a r a t i o n .  W e  t r e a t  h e r e  t h e  Timber  
Management a n d  P l a n n i n g  I n v e n t o r y  o f  t h e  F o r e s t  S e r v i c e .  
A s  p a r t  o f  t h e  c a s e  s t u d y  i n  f o r e s t r y ,  E a r t h S a t  
p r e p a r e d  c o s t  m o d e l s  o f  t h e  t i m b e r  i n v e n t o r i e s  o f  s e v e r a l  
f e d e r a l  a g e n c i e s .  J u s t  a s  u n d e r  RMF 2 . 2 . 1  ( D e t e r m i n e  F o r e s t  
T imber  Volume by Type ,  L o c a t i o n ,  a n d  O w n e r s h i p ) ,  we a d a p t  t h e  
r e s u l t s  o f  t h a t  s t u d y . *  The u p p e r  a n d  l o w e r  b o u n d s  E a r t h S a t  
p r o v i d e s  f o r  t h e  c u r r e n t  c o s t s  o f  t h e  i n v e n t o r y  a r e  b a s e d  o n  
two r e a s o n a b l e  i n t e r p r e t a t i o n s  o f  a c c o u n t i n g  d a t a .  To 
p r o d u c e  a s i n g l e  " b e s t "  e s t i m a t e ,  w e  a v e r a g e  t h e  two .  The 
c o s t  r a t e  u s e d  t o  r e p r e s e n t  a n  ERS-a ided  i n v e n t o r y  i s  
1 . 6 1  c e n t s  p e r  a c r e  a s  e s t i m a t e d  by  N i c h o l s * *  f o r  h i s  
e x p e r i m e n t a l  p r o c e d u r e .  T o t a l  a n n u a l  i n v e n t o r y  c o s t s  i n  t h e  
N a t i o n a l  F o r e s t  S y s t e m  u n d e r  c u r r e n t  p r o c e d u r e s  a r e  t h u s  
e s t i m a t e d  a s  $ 9 5 0 , 0 0 0 ,  w h i l e  t h e  ERS-aided c o s t  e s t i m a t e  i s  
$150 ,000 .  T h e  d i f f e r e n c e s  o f  $ 8 0 0 , 0 0 0  r e p r e s e n t s  a n  8 4  p e r c e n t  
s a v i n g .  
* E a r t h  S a t e l l i t e  C o r p o r a t i o n ,  D r a f t  - F o r e s t r y  C a s e  
S t u d y  R e p o r t ,  ( B e r k e l e y ,  C a l i f o r n i a :  Earth S a t e l l i t e  
C o r p o r a t i o n ,  1 9 7 4 ) ,  pp .  180-189 .  
* *  F o r  a n  a c c o u n t  o f  N i c h o l ' s  w o r k ,  S e e  PMF N o .  2.2.1 
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The result of any cost saving in the Stage-I inventory 
process would most likely be increased inventory activity. 
An "increased capability" benefit based on the equal budget 
assumption is therefore reasonable. Since the cost saving is 
about 84 percent, the total benefit is $1.7 million per year 
for the National Forests. The increased capability benefit is 
the difference, $1.7 million minus $0.8 million or 
$0.9 million. 
Since the information needs for timber management on 
industrial forest land are similar to those in the National 
Forest System, we extrapolate the above-calculated benefits on 
the basis of commercial timberland areas in industrial and 
National forest ownership. 
Eighteen percent of the total United States commercial 
timberland is in the National Forest System, while 13 percent 
is in industrial ownership.* The factor for extrapolation is 
thus - l3 so the additional benefits are $0.6 million (equal 18' 
capability) and $0.6 million (increased capability). The 
totals are $1.4 million per year in equal capability benefits, 
and $1.5 million per year in increased capability benefits. 
The basic model we use for estimating new capability 
benefits to timber hax est management can be outlined as 
follows: Timber harvest rates cannot be set optimally 
because of uncertainties in yields. The accuracy of yield 
estimates is improvable through more timely or more precise 
inventory information, through more accurate prediction of 
timber losses, or through more location-specific information. 
More briefly, the concept is that more accurate information 
pertnits more nearly optimal harvest decisions. 
In implementing this modeling concept, we use the 
general structure outlines in Appendix D, in which the 
national timber resource is described by a production function, 
and two general uses of information are characterised: 
information for direct management, a necessary input to the 
production process; and information for improving the produc- 
tion process. In this section, we are concerned with the first 
use of information. The particular quantity of greatest 
interest is net cimber growth (growth minus mortality), and it 
* U.S. Forest Service, Outlook for Timber, (Washington, 
D.C.; Government Printing Office, 1970), p .  11 FRR-20. 
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is approximately true that efficient timber management 
involves setting harvest rates equal to net growth rates. 
Consider a t*->.ber resource "unit" consisting of 
sub-units among which growth and rnortality rates are under- 
stood to vary. Sub-units may be distinguished geographically, 
or by type, ownership, maturity, or by some combination of 
qualities. If growth estimates have a sampling error P; 
whether obtained for the unit as a whole or by sub-unit, then 
it is advantageous to obtain them by sub-unit. Setting sub- 
unit harvest amounts equal to the net growth estimates, the 
1. 
manager obtains a standard error of Sl z as a percent of the 
total net growth for the resource unit. 
The model of the cost of error in inventory level 
given in Section1.6, can be used to calculate the benefit 
associated with a procedure for estimating growth by sub-unit. 
P The cost of maintaining error e is L (e - In) (1 + e) (1 - --) 
r 
where L is the inventory value, pis the annual timber 
yield (value of net output per dollar inventory), and r is the 
discount rate. Here e is given as a fraction of L. Over time, 
errors in harvest lead to errors in inventory of the same order 
so that e will average about . The procedure for estimating 
u e growth by sub-unit results in a reduction of e to - so the 
benefit is 
A 
Conventional inventory procedures of the Timber Management and 
planning Division produce growth estimates by ranger district. 
An ERS-aided inventory procedure producing growth estimates of 
the same precision by pixel would provide this benefit. Ranger 
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d i s t r i c t s  v a r y  i n  size up t o  1 0 0 , 0 0 0  a c r e s .  C o n s i d e r  a d i s -  
t r i c t  cf 1 0 , 0 0 0  a c r e s .  S i n c e  a p i x e l  c o v e r s  a b o u t  one  a c r e ,  
t h e  v a l u e  o f  n  i n  t h e  above  e q u a t i o n  would b e  1 0 , 0 0 0 .  Assume 
( v e r y  o p t . h i s t i c a l l y  t h a t  t h e  c u r r e n t  s a m p l i n g  e r r o r  w i t h i n  
a  t y p e - c l a s s  a b o u t  t o  b e  c u t  i s  5  p e r c e n t .  Then t b e  a b o v e  
b e n e f i t  e x p r e s s i o n  becomes 
C o n s i d e r i n g  t h e  whole  N a t i o n a l  F o r e s t  Sys tem,  L i s  a b o u t  
$57.6 b i l l i o n  and P i s  a b o u t  3 p e r c e n t .  Thus ,  t h e  n a t i o n a l  
b e n e f i t  would b e  
$40.32 ( . 0 4 9 5  + .0005 - .0488)  b i l l i o n  
= $ 4 8 . 4  m i l l i o n .  
More r e a l i s t i c a l l y ,  c u r r e n t  s a m p l i n g  e r r o r s  f o r  g r o w t h  
r a t e s  may a v e r a g e  more t h a n  1 0  p e r c e n t .  I n  t h i s  c a s e  t h e  
b a n e f i t  o f  o b t a i n i n g  t h e  same p r e c i s i o n  by s u b - u n i t s  would b e  
more t h a n  
$40.32 ( - 0 9 9 6  + - 0 0 0 5  - -0953) b i l l i o n  
= $190 m i l l i o n  ( p r e s e n t  v a l u e )  
The a b o v e  b e n e f i t s  a r e  b a s e d  on  t h e  a s s u m p t i o n  t h a t  
w i t h  o r  w i t h o u t  ERS d a t a ,  h a r v e s t  r a t e s  a r e  s e t  a t  t h e  r a n g e r  
d i s t r i c t  l e v e l  t o  match  l o c a l  n e t  g r o w t h  r a t e  e s t i m a t e s .  To 
t h e  e x t e n t  t h a t  h a r v e s t i n g  r a t e s  a r e  n o t  s o  c a r e f u l l y  matched 
t o  n e t  g r o w t h  r a t e s ,  t h e  b e n e f i t  e s t i m a t e  i s  c o n s e r v a t i v e .  
T h i s  i s  b e c a u s e  a mismatch o f  n e t  g r o w t h  and h a r v e s t  means 
e i t h e r  t h e  s t e a d y  s t a t e  o p e r a t i n g  l e v e l  o f  i n v e n t o r y  h a s  n o t  
y e t  b e e n  r e a c h e d  o r  h a r v e s t i n g  d e c i s i o n s  a r e  n o t  b e i n g  made 
e f f i c i e n t l y .  I n  e i t h e r  c a s e  t h e  d i f f e r e n c e  b e t w e e n  r e s o u r c e  
v a l u e  w i t h  EkS-suppor ted  g r o w t h  e s t i m a t e s  and ERS- less  g rowth  
e s t i m a t e s  w i l l  b e  g r e a t e r  t h a n  i t  i s  n e a r  t h e  s t e a d y  s t a t e  
optimum . 
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C u r r e n t  ERTS ~ c t i v i t i e s  
1. D r .  P a u l  T .  T u e l l e r  
Renewable  R e s o u r c e s  C e n t e r  
U n i v e r s i t y  o f  Nevada 
Reno, Nevada 89507  
Phone : 702-784-4934 
2 .  G .  L o r a i n  
Renewable  R e s o u r c e s  C e n t e r  
U n i v e r s i t y  o f  Nevada 
Reno,  Nevada 89507 
Phone :  702-784-4934 
. D r .  George  J .  McMurty 
2 2 0  E l e c t r i c a l  E n g i n e e r i n g  West 
P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  
U n i v e r s i t y  P a r k  
P e n n s y l v a n i a  16802  
Phone : 814-865-9763 
D r .  T u e l l e r  i s  w o r k i n g  o n  a  s t u d y  e n t i t l e d ,  "Methods  o f  
U t i l i z i n g  M u l t i s p e c t r a l  S a t e l l i t e  I m a g e r y  f o r  W i l d l a n d  
R e s o u r c e s  E v a l u a t i o n " .  
~ c c o r d i n g  t o  A s t r o n a u t i c s  a n d  A e r o n a u t i c s ,  " T u e l l e r  
a n d  L o r a i n  h a v e  f o u n d  it e a s y  t o  c l a s s i f y  b u r n  s c a r s  a s  l e s s  
t h a n  o n e  y e a r  o l d ,  o n e - t o - t e n  y e a r s  o l d ,  o r  more  t h a n  1 0  y e a r s  
o l d .  Such  r a p i d  d e l i n e a t i o n  o f  b u r n  s c a r s  c a n  b e  o f  
c o n s i d e r a b l e  v a l u e  i n  f o r e s t  a n d  r a n g e  managemen tu .*  
S e v e r a l  ERTS-1 i n v e s t i g a t o r s  h a v e  r e p o r t e d  s u c c e s s f u l  
d e t e c t i o n  a n d / o r  mapping  o f  r e c e n t  f o r e s t  c l e a r c u t  a r e a s  f o r  
ERTS d a t a .  D r .  McMurty o f  P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  h a s  
r e p o r t e d  r e c o g n i t i o n  o f  c l e a r c u t  a r e a s  a s  s m a l l  a s  20 a c r e s  by 
a p p l i c a t - i o n  o f  c o m p u t e r  p r o c e s s i n g  t e c h n i q u e s  i n  t h e  S t o n e  
V a l l e y  E x p e r i m e n t a l  F o r e s t  i n  P e n n s y l v a n i a .  
D r .  C o l w e l l  o f  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  a t  
B e r k e l e y  h a s  r e c o g n i z e d  c u t o v e r  f o r e s t  a r e a s  f r o m  c o l o r  
c o m p o s i t e  i n t e r p r e t a t i o n .  
* E n r i c o  P .  Mercan t l ,  "ERTS-1 T e a c h i n g  U s  a  New Way t o  
S e e " ,  A s t r o n a u t i c s  a n d  A e r o n a u t i c s ,  (New Y o r k ) ,  
S e p t e m b e r  1 9 7 3 ,  p p .  46 -47 .  
Estimate of ERTS Economic Capabilities 
Equal capability and increased capability estimates as 
discussed in the last section apkly to an ERTS-like system. 
Already published results by Jim Nichols establish ths ability 
of ERTS to improve volume inver~tory procedures significantly. 
In view of the importance of growth estimates, however, his 
current work is directed at designing a sampling method to 
improve their accuracy. Necessarily, improvement of volume 
accuracies in such a process is accompanied by a de~line in 
growth estimates accurac~es, and vice versa. Firm evidence on 
the extent of accuraLy improvements in growth estimates will 
have to await his resul~s. However, measurable improvements 
are certainly possible, whether by the sophistic~ted procedure 
he is investigating or by some other. For instance, extremely 
accuYate aerial measurements tire well demonstrated by ERTS 
experiments. These could be used to support the calculation oi 
growth rates based on volume differences recorded by coverage 
at different times. However, the ability of procedures like 
those of Nichols to provide estimates for areas much smaller . 
than a ranger district has the same impact as improved 
statistical precision. Because of this, it seems safe to say 
that the improvements in harvest management possible by virtue 
of an ERS system are underestimated in the calculation of the 
last section and the technical capabilities of ERTS-1 would be 
sufficient for this appll.cation. Thus, the "new capability" 
benefit potential exceeds $190 million (present value). 
There is little doubt that the potential benefits can 
actually be achieved, at least in the National Forest System. 
The Forest Service is actively pursuing technology of the kind 
required, and recognizes the importance of improved inventory 
procedures in optimizing harvest planning. 
The economic potential exists for similar benqfits 
throughout all the commercial forest land of the Unite'd States, 
but the divided ownership and uncoordinated management 
objectives of the variaus owners makes the realization of such 
benefits less certain. 
Annual Benefits: 
Equal C2pability; $1,300,000 
Tncreased Capability; $1,500,000 
Jew Capability; $19,000,000 
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MANAGE LIVESTOCK G R A Z I N G  
Rationale for Benefits 
- 
1,ivestock grazing is the tool by which the forage 
resource is converted in+? economic value. Thus, from the 
rangeland aanager's point of view, grazing schedules should be 
determined with the objectives of maintaining high forage 
yields while protecting other resource values of the ranging 
environment. I!:twever, from a broader economic viewpoint, tilere 
is more to it than that. Domestic livestock use the lnge 
resources only as a supplement to other nouriphment, and only 
on a seasonal basis. There is not necessarily any 2conomic 
benefit in their consumption of forage. Benefits occur only if 
the use of rangeland forage provides more food value or less 
costly food value than the best available competitor. 
In distinguishing the RMF's for the purposes of the 
present study, the management of livestock grazing is 
consieered to comprise the short term ste~cking decisions made 
by the livestock owner, and the benefits are achieved through 
his earnings. The formulation of policies and procedures for 
rangeland use, iccluding the sa'r! of permits, is considered to 
be part of RMF 2.4.4 (Manage Forage Production Inveztments). 
Federal Government Activities and Responsibilities 
The federal government is not active in this functi~ii. 
Non-Federal Activities 
- 
The private livestock industry manages the grazing 
activities which result in economic o u t p ~ t  from the forage 
resource. Cattle ranchers are the major rangeland users, 
though sheep are also grazed to some extent. The forage is 
most efficiently used by calves from about 300 to 600 pounds. 
Cattle above this weight are usually fattened in feedlots. 
The major information needs for the scheduling of 
livestock range use are assessments and forecasts of ranue 
forage conditions. Assessments are usually based 01: the 
growth of certain indicator plants, but forecasts are difficult, 
since the readiness of the range is depeqdent on many variables, 
including vegetation type, soil characteristics, previous usage 
levels, and climatic factors. Ranchers obtain forage conditio;l 
assessments from their own observations, fron the rangeland 
owners, and from published maps and statistics of the 
Department of Agriculture. 
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Functions of F:?mote Sensing 
Remote sensing can lead to the provision of mare 
timely, accurate, and comprehensive forage condition informa- 
tion for livestock owners, and potentially to more dependable 
nethods of making predictirns. These advantages are 
discussed under RMP's 2.2.10 (Assess Range Forage Conditions) 
and 2.2.11 (Forecast Range Foragc Conditions). 
Through the use of such improved information, 
critical decisrdns may be made more nearly optimal, particu- 
larly those on the purchases of cattle for stocking of the 
range and the timing of transfer to the feedlots. 
Economic and Technical Models for Estimating Benefits of Remote 
Sensed Dsta 
As part of the cage study in Rangeland Applications, 
EarthSat modified the F-lter-Dean* model to incorporate a 
description of a ranci . ; use of more timely foragc condition 
information. The oriq*. i mcdel is a simulatio? of an 
integrated range-feedlot operation in the Sacramento Valley of 
California. It was published in 1965, and was supportc3 by 
cattle price acd nther relevant data of the years 1954 through 
1963. 
The Eartk.Sat Rangeland Case Study provides an estimate 
of benefits to tne cattle industry through greater earnings as 
a resu'.t of imp:oved cattle buying and range utilization 
decisions. The benefit estimate is $17 million to $28 million, 
rzpresenting the presertt value of additional earnings in the 
years 1977 to 1986, discounted at 10 percent to 1976. 
These figures are derived by extrapolation to the 
national level of the results of the modification of the 
Halter-Dean model. 
Unfortunately, the critical price d-ta used in this 
calculacion are those of the original paper, referring to the 
yzar; 1954 to 1963, The o u t p u t  of the model was adjusted by 
use of the wholesale price index, but this gives no clue to 
* Halter, A. N. and G. W. Dean, 1965, "Use of Simulation iq 
Evaluating Management Policies Under Uncertainty: 
Application to a Large Scale Ranch," Journal of Farm 
Economics, 4 " :  ' 5 7  -72. 
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t h e  i m p a c t  o f  c u r r e n t  o r  p r o j e c t e d  b e e f  o r  f e e d  p r i c e s  o n  t h e  
e a r n i n g s  c h a n g e  o f  i n t e r e s t .  
E a r t h S a t  c o n c l u d e s  t h a t  a c a t t l e  r a n c h e r  c o u l d  e x p e c t  
t o  improve  h i s  e a r n i n g s  p e r  AUM by  $.437 b y  f u l l y  e x p l o i t i n g  
ERS r a n g e  f o r a g e  c o n d i t i o n  d a t a .  I n  e x t r a p o l a t i n g  t h i s  f i g u r e  
t o  t h e  U n i t e d  S t a t e s  o v e r  t h e  p e r i o d  1977  t o  1 9 8 6 ,  p r o j e c t i o n s  
o f  b e e f  demand are b a s e d  o n  t h e  F R E S  r e p o r t  o f  t h e  F o r e s t  
S e r v i c e ,  a n d  c o n s e r v a t i v e  a s s u m p t i o n s  a re  made o n  t h e  e x t e n t  
o f  u s e  o f  t h e  i m p r o v e d  i n f o r m a t i o n ,  b o t h  i n  terms o f  r a t e  o f  
i f i n o v a t i o n  a n d  p o r t i o n  o f  t o t a l  U n i t e d  S t a t e s  g r a z i n g  a f f e c t e d .  
The  lower b e n e f i t  estimate o f  $17 m i l l i o n  ( p r e s e n t  v a l u e )  
c o r r e s p o n d s  t o  a n  a s s u m p t i o n  o f  s l o w e r  i n n o v a t i o n  t h a n  t h e  
h i g h e r  o n e  o f  $28 m i l l i o ~ .  
I n  s p i t e  o f  t h e  u s e  o f  o l d  data ,  t h i s  m o d e l i n g  
a p p r o a c h  p r o v i d e s  some g u i d a n c e  i n  e s t i m a t i n g  p o t e n t i a l  
b e n e f i t s  o f  a n  ERS s y s t e m  t o  l i v e s t o c k  g r a z i n g  management .  
I t  i s  l i k e l y  t h a t  t h e  b e n e f i t  as  c a l c u l a t e d  by  E a r t h S a t  is  
u n d e r s t a t e d .  I f  it is  as sumed  t h a t  d e c i s i o n  m a k e r s  t a k e  
a d v a n t a g e  o f  o p p o r t u n i t i e s  t o  i m p r o v e  e a r n i n g s ,  it is  r e a s o n  
ab le  t o  es t imate  t h e  p r e s e n t  v a l u e  o n  t h e  b a s i s  o f  c o n t i n u a -  
t i o n  o f  t h e  a n n u a l  n a t i o n a l  b e n e f i t  f rom t h e  f i r s t  y e z r  t o  
i n f i n i t y .  A d e t a i l e d  c o n s i d e r a t i o n  o f  b e e f  demand p r o j e c t i o n s  
would  n o t  add u s e f u l  i n f o r m a t i o n ,  s i n c e  t h e  m a g n i t u d e  o f  t h e  
c u r r e n t  b e n e f i t  i s  s o  u n c e r t a i n .  E - r t h S a t ' s  s t u d y  g i v e s  t h e  
p o i d n t i a l  a n n u a l  n a t i o n a l  b e n e f i t  i n  t h e  f i r s t  y e a -  a s  
$14 .6  m i l l i o n .  W e  a c c e p t  t h i s  as  a r o u g h  i n d i c a t i o n  o f  t h e  
v a l i d  a n n u a l  b e n e f i t ,  s o  t h a t  t h e  p r e s e n t  v a l u e  t o  i n f i n i t y  
would be a b o u t  $150  m i l l i o n .  
C u r r e n t  ERTS A c t i v i t i e s  
A s t u d y  o f  C a l ? . f o r n i a ' s  f o r a g e  r e s o u r c e  d e m o n s t r a t e d  
t h e  c a p a b i l i t y  o f  c o r r e c t  a n a l y s i s  o f  ERTS d a t a  t o  p r e d i c t  when 
g r a z i n g  c o u l d  commence a n d  when i t  s h o u l d  b e  t e r m i n a t e d  a t  
t h e  e n d  o f  &..e g r o w t h  s e a s o n .  T h e s e  management  d e c i s i o n s  
c o u l d  be a i d e d  b y  ERTS a b i l i t y  t o  d i f f e r e n t i a t e  b e t w e e n  
g e r m i n a t e d  and  n o n - g e r m i n a t e d  r a n g e l a n d . *  
* David  M. C a r n e g g i e ,  S t e p h e n  D .  D e G l o r i a ,  " M o n i t o r i n g  
C a l i f o r ? i a l s  F o r a g e  R e s , u r c e  U s i n g  ERTS-1 a n d  S u p p o r t i n g  
A i r c r a f t  Data", f r o 3  Syn~pos ium on  S i g n i f i c a n t  R e s u l t s  
O b t a i n e d  f r o m  t h e  E a r t h  R e s 3 u r c e s  T e c h n o l t g y  S a t e l l i t e ,  
(Nsv C a r r o l l t o n ,  M a i y l a n d ,  1 9 7 3 1 ,  p .  9 4 .  
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Other ERTS-1 experiments which relate to this rcqource 
management function are discussed under Resource Management 
Activities 2.1 (Cartography, Thematic Maps, and Visual Displays) 
and 2.2 (Statistical Services). 
Estimate of YRTS Economic Capzbilities 
The bensfits quofad above in the discussion of the 
EarthSat study apply to L. system wit:. technical capabilities 
similar to those of ERTS-I. The treatment of the use of 
information is not detailed enough to relate the parameters of 
the system to the numerical benefit estiaates, b ~ t  i . appears 
that more frequent coverage than provided by BRTS-1 could be 
valuable as could improved spectral resolution. 
Annual Benefits: 
Equal Capability; RHF 2 . 2 . 7  
Increased Capability; RHF 2.2 - 7  
New Capability; ($15,000,000) 
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MANkGE TIMBER PRODUCTION INVESTMENTS 
R a t i o n a l e  f o r  B e n e f i t s  
The b e n e f i t s  o f  t imbe r  management  i n  g e n e r a l  a re  
d e s c r i b e d  u n d e r  RMF 2 . 4 . 1  ( E a n a g e  T i m b e r  H a r v e s t ) .  Here t h e  
s u b j e c t  i s  t h e  i n p u t  s i d e  o f  t h e  p r o d u c t i o n  o f  f o r e s t  v a l u e s .  
The b e n e f i t s  o f  making  good d e c i s i o n s  o n  t h e  t i m i n g ,  l o c a t i o n ,  
a n d  e x t e n t  o f  i n v e s t m e n t s  c o n s i s t  o f  g r e a t e r  p r o d u c t i v i t y  o f  
t imber a n d  o t h e r  f o r e s t  v a l u e s .  S i n c e  t h e  n o n - t i m b e r  v a l u e s  
a re  a l w a y s  c o n s i d e r e d  i n  t h e  a n a l y s i s  o f  p r o p o s e d  t imber-  
o r i e n t e d  i n v e s t m e n t s ,  it i s  i m p o r t a n t  t o  r e c o g n i z e  t h a t  t h e  
b e n e f i t s  o f  good d e c i s i o n  mak ing  a re  r e a l i z e d  p a r t l y  t h r o u g h  
t h e s e  v a l u e s .  I n  a d d i t i o n ,  some f o r e s t  i n v e s t m e n t s  a r e  made 
p r i m a r i l y  t o  e n h a n c e  e n v i r o n m e n t a l  p r o t e c t i o n  or  t o  m a i n t a i n  
r e c r e a t i o n ,  w i l d l i f e ,  a n d  a e s t h e t i c  v a l u e s ,  b u t  t h e s e  a l s o  
a f f e c t  timbe: p r o d u c t i v i t y  a n d  a r e  c o n s i d e r e d  p a r t  o f  t h i s  RMF. 
The  i m p o r t a n t  i n v e s t m e n t s  f o r  p r o t e c t i o n  f rom f i r e ,  i n s e c t s ,  
a n d  d i s e a s e ,  h c w e v e r ,  a r e  n o t  c o n s i d e r e d  p a r t  o f  t h i s  RMF, b u t  
a x e  i n c l u d e d  u n d e r  r e s o u r c e  management  a c t i v i t y  2 . 6  (Damage 
P r e v e n t i o n  a n d  A s s e s s m e n t ) .  R e s e a r c h  i n v e s t m e n t s  a r e  t r e a t e d  
u n d e r  r e s o u r c e  management  a c t i v i t y  2 .8  ( R e s e a r c h ) .  
F e d e r a l  Government  A c t i v i t j e s  a n d  R e s p o n s i b i l i t i e s  
The  g e n e r a l  f o r e s t  management  r e s p o n s i b i l i t i e s  o f  t h e  
f e d e r a l  a g e n c i e s  a r e  d e s c r i b e d  u n d e r  RMF 2 . 4 . 1  (Manage T imber  
H a r v e s t )  a n d  f u r t h e r  i n  Append ix  B .  
S p e c i f i c  i n v e s t m e n t  a c t i v i t i e s  i n  r e f o r e s t a t i o n ,  s t a n d  
improvemen t ,  f e r t i l i z a t i o n ,  a n d  a s s i s t a n c e  t o  f o r e s t  l a n d o w n e r s  
a re  d i s c u s s e d  h e r e .  A v a i l a b l e  d a t a  o n  i n v e s t m e n t  e x p e n d i t u r e s  
c o v e r  t h e  d e c a d e  o f  t h e  1 9 6 0 ' s  a n d  a r e  t a k e n  f r o m  The  O u t l o o k  
f o r  T imber  i n  t h e  U n i t e d  S t a t e s . *  , i n c c  t h e  b e n e f i t  e s t i3a tes  
f o r  t h i s  HMF a r e  b a s e d  o n  c o n s i d e r a t i o n  o f  t h e  f o r e s t  r e s o u r c e  
a s  a n  economic  u n i t ,  n o n - f e d e r a l  i n v e s t m e n t  a c t i v i t i e s  a r e  
i n c l u d e d  i n  t h i s  summary. 
P l a n t i n g  i n  t h c  1 9 6 0 ' s  c o v e r e d  a b o u t  1 . 5  m i l l i o n  
a c r e s  p e r  y e a r ,  o f  w h i c h  o n l y  p a r t  was  on  r e c e n t l y  l o g g e d  l a n d .  
I n  some a r e a s ,  p a r t i c u l a r l y  i n  t h e  E a s t ,  p a r t  o f  t h e  p l a n t i n g  
e f f o r t  was d e v o t e d  t o  a b a n d o n e d  f i e l d s  no  l o n g e r  u s e d  f o r  
a g r i c u l t u r a l  p u r p o s e s .  On t h e  N a t i o n a l  F o r e s t s  a n d  o t h e r  owner-  
s h i ~ s  i n  t h e  Wes t ,  m o s t  p l a n t i n g  h a s  b e e n  on  r e c e n t  c u t o v e r s .  
- 
* F R R - 2 0 ,  USDA F o r e s t  S e r v i c e ,  O c t o b e r ,  1 9 7 3 .  
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F o r  t h e  e n t i r e  d e c a d e ,  t h e  areas  p l a h t e d  c o m p r i s e d  
a b o u t  8 p e r c e n t  o f  t h e  i n d u s t r i a l  p o r t i o n  o f  t h e  c o m m e r c i a l  
t i m b e r l a n d ,  3 p e r c e n t  o f  o t h e r  p r i v a t e  o w n e r s h i p s ,  and 2 p e r c e n t  
e a c h  o f  N a t i o n a l  F o r e s t  a n d  o t h e r  g u b l i c  h o l d i n g s .  I n  t o t a l  
area p l a n t e d  p e r  y e a r ,  t h i s  w o r k s  o u t  t o  2 2 2 , 0 0 0  acres o f  t h e  
N a t i o n a l  F o r e s t s ,  1 4 0 , 0 0 0  acres u n d e r  o t h e r  p u b l i c  o w n e r s h i p ,  
5 4 5 , 0 0 0  acres o f  i n d u s t r i a l  f o r e s t  l a n d ,  a n d  5 7 0 , 0 0 0  acres o f  
f a r m  a n d  m i s c e l l a n e o u s  o w n e r s h i p .  C o s t s  o f  p l a n t i n g  a v e r a g e d  
a b o u t  $50  p e r  acre i n  1 9 7 1 ,  a n d  t o t a l  n a t i o n a l  p l a n t i n g  i n v e s t -  
m e n t s  i n  t h a t  y e a r  w e r e  a b o u t  $ 8 5  m i l l i o n .  
T imber  s t a n d  improvemen t  p r a c t i c e s  i n c l u d e  d e a d e n i n g  
i n f e r i o r  hardwood a n d  t h i n n i n g  o f  young s t a n d s .  T h i s  p r a c t i c e  
h a s  b e e n  c o n c e n t r a t e d  i n  t h e  S o u t h .  A v e r a g e  cos ts  h a v e  b e e n  
n e a r  $18  p e r  a c r e ,  a n d  t h e  t o t a l  a n n u a l  e x p e n d i t u r e  f o r  a l l  
o w n e r s h i p s  w a s  a b o u t  $ 2 5  m i l l i o n  i n  1 9 7 0 .  
F e r t i l i z a t i o n  h a s  b e e n  u s e d  t o  a l i m i t e d  e x t e n t ,  a n d  
p r i m a r i l y  by  i n d u s t r i a l  o w n e r s .  T h e r e  i s  s t i l l  much 
u n c e r t a i n t y  c o n c e r n i n g  t h e  p o t e n t i a l  b i o l o g i c a l  p r o d u c t i v i t y  
b e n e f i t s  it c a n  p r ~ v i d e ,  t h e  e n v i r o n m e n t a l  c o n s e q u e n c e s ,  and  
t h e  r e l a t i v e  m a g n i t u d e s  o f  i t s  cas t s  a n d  f i n a n c i a l  b e n e f i t s .  
F e d e r a l  a n d  S t a t e  a g e n c i e s  h a v e  p r o v i d e d  f o r e s t  
l a n d o w n e r s  a n d  o p e r a t o r s  w i t h  t e c h n i c a l  a s ~ i s t a ~ c e .  I n  1 9 7 1 ,  
s u c h  p r o g r a m s  t o t a l e d  $ 2 4 . 1  m i l l i o n .  
A n o t h e r  m a j o r  i n v e s t m e n t  c l a s s  r e q u i r e d  f o r  t h e  
p r o d u c t i o n  o f  t i m b e r  o u t p u t  i s  r o a d  b u i l d i n g  a n d  m a i n t e n a n c e .  
E x p e n d i t u r e s  f o r  r o a d s  o n  N a t i o n a l  F o r e s t s ,  f o r  e x a m p l e ,  h a v e  
i n c l u d e d  F o r e s t  S e r v i c e  c o s t s  of a b o u t  $180 m i l l i o n  p e r  y e a r  
a n d  t i m b e r  p u r c h a s e r s  c o s t s  o f  $112 m i l l i o n  p e r  y e a r .  
The i n f o r m a t i o n  r e q u i r e m e 1 . t ~  f o r  d e c i s i o n s  on t h e  
l o c a t i o n  and  t i m i n g  o f  p l a n t i n g  a n d  improvemen t  i n v e s t m e n t s  
i n c l u d e  i n v e n t o r y  s t a t i s t i c s  a n d  a n a l y s i s  o f  the t y p e  p u b l i s h e d  
by t h e  For.:st S u r v e y .  
N o n - F e d e r a l  ~ c t i v i t i e s  
T h e s e  a r e  c o v e r e d  i n  t h e  a b o v e  d i s c u s s i o n .  
F u n c t i o n  o f  Remote S e n s i n g  
- 
B y  i m p r o v i n g  t h c  a c c u r d c y ,  t i m e l i n e s s ,  a n d  compre -  
h e n s i v e n e s s  o f  a v a i l a b l e  i n f o r m a t i o n  s u c h  a s  p r e p a r e d  by  the 
F o r e s t  Survay, r e m o t e  s e n s i n g  c a n  lea? t o  more  e f f i c i e n t  
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logistics of those investments which are made on a location- 
specific basis. In fact, the cost of the sampling error 
associated with such information can be virtually eliminated. 
Economic and Technical Models for Estimating Benefits 
Under ideal conditions of information availability and 
use, managers can prepzre investment plans in an optimal way. 
One way of summarizing the economic structure of such plans 
would be to prepare a map for each year and each class of 
investment, showing for each geographic unit the dollar amount 
required. More mathematically, the resulting atlas would be a 
set of functions, assigning investment rates to geographic 
locations. 
In the absence of completely adequate inventory infor- 
mation and related analysis, investment plans are not optimal. 
Rather, plans are in "error" to an extent depending on the 
inaccuracy of the information available to the planner. In the 
steady state which is the goal of forest maragement, investment 
rates for planting and stand improvement are closely related 
to primary variables of the inventory process; planting rates 
should be approximately proportional to net growth rates 
(since harvest rates are) while stand improvement investments 
such as precommzrcial thinning are closely related to area and 
volume. Accordingly, investment rates will deviate from the 
optimum to an extent reflecting the sampling error of the 
inventory information. The most accurate way of determining 
the cost of this error is to determine the difference it 
produces in the value of the output of the production function. 
To avoid the necessity of estimating this response (though it 
is not difficult), w e  use the conservative approach of estima- 
ting the cost of the error in terms of "wasted" investment 
dollars. 
Assume that to be assured of naintaining the steady 
state outputs, planting and thinning investments must be qade 
to e greater extent than the optimal rate (location by location). 
If the inventory data has sampling error a-- then it is assumed 
IJ ' 
that investment of the optimal amount plus this fraction are 
required to assure steady state outputs. If the sampling error 
n2 is reduced through the use of ERS information from F1 to 8 , 
then the associated benefit is on the order of I ( O r  -'&) where I 
D 
is the investment in planting and improvement. 
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C u r r e n t  ERTS A c t i v i t i e s  
The e x p e r i m e n t a l  work o f  N i c h o l s  and  o t h e r s  a t  t h e  
S p a c e  S c i e n c e s  L a b o r a t o r y  o f  t h e  U n i v e r s i t y  of  C a l i f o r n t a  a t  
B e r k e l e y  d i s c u s s e d  u n d e r  RMF 2 .2 .1  ( D e t e r m i n e  F o r e s t  Timber  
Volume by Type,  L o c a t i o n ,  and Ownersh ip )  shows t h a t  t h e  c u r r e n t  
d a t a  p r o d u c t s  o f  t h e  F o r e s t  S u r v e y  c a n  b e  p r o d u c e d  a t  l o w e r  c o s t  
and  on an  i n - p l a c e  b a s i s .  H i s  c u r r e n t  work is  d i r e c t e d  t o w a r d  
t h e  d e s i g n  o f  i n v e n t o r y  p r o c e d u r e s  f o r  improved p r e c i s i o n  i n  n e t  
g r o w t h  estimates. A p p l i c a t i o n  o f  s u c h  t e c h n i q u e s  t o  t h e  F o r e s t  
S u r v e y  s h o u l d  l e a d  t o  improved mrnagement o f  t i m b e r  p r o d u c t i o n  
i n v e s t m e n t s .  
E s t i m a t e  of ERTS Economic C a p a b i l i t i e s  
C o n s i d e r i n g  t h e  r e s u l t s  o f  N i c h o l s '  e x p e r i m e n t s  w i t h  
ERTS-1 d a t a  t a p e s  u s e d  i n  t h e  f i r s t  s t a t e  o f  a m u l t i s t a g e  
s a m p l i n g  p r o c e d u r e ,  it a p p e a r s  t h a t  a n  ERS s y s t e m  c o u l d  p r o v i d e  
a r e d u c t i o n  i n  s a m p l i n g  e r r o r  f o r  t h e  F o r e s t  S u r v e y .  I f  t h e  
r e d u c t i o r  i s  f rom 1 0  p e r c e n t  t o  5  p e r c e n t  ( p r o b a b l y  a  c o n s e r v a -  
t i v e  a s s l , n p t i o n ) ,  t h e n  a c c o r d i n g  t o  t h e  f o r m u l a  o f  Page  A - 5 7 .  
t h e  b e n e f i t  i s  a b o u t  0 .05  x I w e r e  I i s  t h e  a n n u a l  i n v e s t m e n t  
i n  p l a n t i n g  a n d  s t a n d  improvements .  T h i s  i n v e s t m e n t  i s  a b o u t  
$110 m i l l i o n  p e r  y e a r ,  s o  t h e  a n n u a l  b e n e f i t  i s  a b o u t  
$ 5 . 5  m i l l i o n .  
Annual  B e n e f i t s :  
E q u a l  C a p a b i l i t y ;  RMF 2 .2 .1  
I n c r e a s e d  C a p a b i l i t y ;  RMF 2 .2 .1  
N e w  C a p a b i l i t y ;  $5 ,500 ,000  
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MANAGE FORAGE PRODUCTION INVESTMENTS 
R a t i o n a l e  f o r  B e n e f i t s  
Al though  r a n g e l a n d s  a r e  managed p r i m a r i l y  e x t e n s i v e l y ,  
t h r o u g h  management of t h e  a n i m a l s  which g r a z e  o n  them, t h e r e  
are a l s o  management p r a c t i c e s  r e q u i r i n g  i n v e s t m e n t s  i n  t h e  l a n d .  
Both k i n d s  of management a r e  i n c l u d e d  u n d e r  t h i s  RMF. The 
F o r e s t  S e r v i c e  l is ts  18 management p r a c t i c e s  f o r  which  it h a s  
c o l l e c t e d  c o s t  d a t a  s p e c i f i c  t o  v a r i o u s  e c o s y s t e m s . *  S e v e r a l  
o f  t h e s e  a r e  f e r t i l i z a t i o n ,  i r r i g a t i o n ,  d r a i n a g e ,  b r u s h  c o n t r o l ,  
- s e e d i n g ,  w a t e r  d e v e l o p m e n t s ,  and f e n c e s .  The b e n e f i t s  o f  good 
management o f  such  i n v e s t m e n t s  a re  i n c r e a s i n g  t h e  n e t  o u t p u t  o f  
m u l t i p l e - u s e  v a l u e s  of t i m b e r ,  water, f o r a g e ,  w i l d l i f e ,  a n d  
r e c r e a t i o n .  
F e d e r a l  Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  
The F o r e s t  S e r v i c e  and  t h e  Bureau  o f  Land Management 
a r e  t h e  F e d e r a l  a g e n c i e s  most  a c t i v e  i n  t h e  management o f  
g r a z i n g  l a n d s .  The F o r e s t  S e r v i c e  h a s  j u r i s d i c t i o n  o v e r  
165 m i l l i o n  a r e a s  o f  g r a z a b l e  l a n d  w i t h i n  t h e  N a t i o n a l  F o r e s t  
System. T h i s  h a s  b e e n  d i v i d e d  i n t o  o v e r  1 1 , 0 0 0  g r a z i n g  
a l l o t m e n t s  a s s i g n e d  t o  more t h a n  20,000 o p e r a t o r s .  The b a s i s  
f o r  t h e  a d m i a i s t r a t i o n  o f  g r a z i n g  p r i v i l e g e s  i n  t h e  N a t i o n a l  
F o r e s t  System is c o n t a i n e d  i n  t h e  O r ~ a n i c  A d m i n i s t r a t i o n  A c t  o f  
1897,  t h e  Granger-Thye A c t  o f  1850,  a n d  T i t l e  I11 o f  t h e  
Cankhead-Jon's Farm T e n a n t  A c t  o f  1937.  
Graz ing  p e r m i t s  have  a  10-year  t e r m  w i t h  p r o v i s i o n  f o r  
r enewal .  A p e r m i t  i s  v a l i d a t e d  e a c h  y e a r  by a n n u a l  payment o f  
a  g r a z i n g  f e e .  I t  s p e c i f i e s  t h e  number o f  a n i m a l s  t o  h e  
g r a z e d  on t h e  p u b l i c  l a n d s  a l o n g  w i t h  t h e  s e a s o n  o f  u s e .  The 
F o r e s t  S e r v i c e  may make a n n u a l  a d j u s t m e n t s  i n  t h e  amount o f  
g r a z i n g  a l l o w e d  i n  o r d e r  t o  m e e t  t h e  s u s t a i n e d  c a p a c i t y  o f  t h e  
r a n g e .  These  a d j u s t m e n t s  may b e  made e i t h e r  i n  number o f  
a n i m a l s  a l l c w e d  on t h e  r a n g e  o r  i n  t h e  l e n g t h  o f  t h e  g r a z i n g  
s e a s o n .  
The Bureau o f  r ~ ~ 1 - l  Management a 9 m i n i s t e t s  g r a z i n g  
l a n d s  i n  u n i t s  c a l l e d  g r  . -  .ng d i s t r i c t s ,  r o u g h l y  a n a l o g o u s  t o  
s o i l  c o n s e r v a t i c n  d i s t r i c t s .  These  l a n d s  a r e  l o c a t e d  i n  t h e  
%ester11 s t a t e s  and r a n g e  i n  s i z e  from 3  m i l l i o n  acres t o  
9 m i l l i o n  a c r e s .  
* Duran, G . ,  and K a i s e r ,  H .  F . ,  Range Management P r a c t i c e s :  
I n v e s t m e n t  C o s t s ,  1970 ,  USDA F o r e s t  S e r v i c e ,  Washington,  
D.C., 1972. 
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The legislative basis for the Bureau of Land Manage- 
ment's activity in administering grazing lands is the Taylor 
Grazing Act of 1934. This Act was a response to a Forest 
Service report on the condition of the Western range. It had 
as a major objective the correction of the long-term deterioxa- 
tion of these rangelands. In addition to administering 
160 million acres in the grazing districts, the Bureau leases 
18.5 million acres of other public lands for grazing purposes. 
Sose grazing land is also administered by the National 
Park Service, the Fish and Wildlife Service, and the Bureau of 
Indian Affairs. 
A s  with timber production, management information 
needs in rangeland management include inventory information and 
analysis. All of the range-relbted statistical products of 
resource management activity 2.2 Statistical Services are 
important for range management (See Section 1.9). 
Functions of Remote Sensing 
Remote sensing may improve range productivity by 
improving the vital management j.nformi?+ion in several ways. 
Timeliness is one -- current information on range condition can 
result in more precise judgement on allowable grazing load, and 
in the case of ephemeral grasslands, very timely information is 
necessary for detecting readiness in time to use it. Compre- 
hensiveness is another -- information !s often lacking on large 
areas of valuable grazing land. Finally, accuracy is partic- 
ularly critical since the costs of rangeland damage by over- 
grazing are high. Inventories based o n  multistage sampling 
beginning with ERTS data tapes can be considerably more 
accurate than those produced by other procedures. 
Economic and Technical Models for Estimating Benefits of Remote 
- 
Sensed Data 
Earthsat's Rangeland Case Study provides estimates in 
this RMF based on "range:and resource reallocation" and 
"rangeland productivity increase." However, the assumption on 
the contribution of ERS information to the p o t ~ n t i a *  benefits 
discussed is entirely arbitrary. 
Further, these potential benefits are limited to those 
predicted by the Forest Service's FRES report as resulting from 
implementation of management strategies developed on the basis 
of already existing information. 
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A very rough, but conceptually sounder estimate is 
obtained from the Frank and Beiss study of 1968. This study 
concluded that a benefit of 0.5 percent of the value of the 
forage resources could be achieved through the proper 1 4 e  of 
ERS data, Appendix D a t  the present report contains a model 
of the value of the forage resource. 
Current ERTS Activities 
The relevant ERTS activities are discussed under the 
resource management activity 2.2: Statistical Services (See 
Section 1.9). 
Estimate of ERTS Economic Capabilities 
From Appendix D, the United States forage resource is 
worth on the order of $30 billion. The above estimate of 
0.5 percent of this value gives $150 million as the present 
value of the benefits. 
Annual Benefits: 
Equal Capability; RMF 2.2.7 
Increased Capability; RMF 2.2.7 
' New Capability; $15 million 
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MAKE WULTIPLE-USE ALLOCATION DECISIONS 
R a t i o n a l e  f o r  B e n e f i t s  
The m u l t i p l e - u s e  c o n c e p t  o f  p u b l i c  l a n d s  management 
r e q u i r e s  d e c i s i o n s  o n  t h e  e x t e n t  o f  i n t e n s i v e  management o f  
f o r e s t s  and  r a n g e l a n d s  f o r  c r o p  p r o d u c t i o n ,  as c o n t r a s t e d  w i t h  
r e s e r v i n g  l a n d  f o r  r e c r e a t i o n a l  u s e ,  w i l d l i f e  p r o t e c t i o n ,  and 
w a t e r s h e d  p r o t e c t i o n .  T h i s  RMF i s  t h e  making o f  s u c h  d e c i s i o n s ,  
and  i ts b e n e f i t s  a r e  i n  t h e  enhancement  o f  t h e s e  m u l t i p l e - u s e  
v a l u e s  o f  t h e  f o r e s t s ,  r a n g e l a n d s ,  and  w i l d l i f e  areas. 
F e d e r a l  Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  
The M u l t i p l e - u s e  S u s t a i n e d - Y i e l d  A c t  of 1960  (74 S t a t ,  
215; 16 U.S.C. 528-531) p r o v i d e s  t h e  l e g i s l a t i v e  b a s i s  f o r  t h e  
p r i n c i p l e  o f  s u s t a i n e d  p r o d u c t i o n  o f  c r o p s  w i t h  p r o t e c t i o n  o f  
o t h e r  u s e s .  The A c t  j i r e c t e d  t h e  F o r e s t  S e r v i c e  t o  manage t h e  
N a t i o n a l  F o r e s t s  o n  t h i s  p r i n c i p l e ,  The M u l t i p l e - u s e  a n d  
C l a s s i f i c a t i o n  A c t  o f  1964 a u t h o r i z e d  m u l t i p l e - u s e  management 
on  p u b l i c  domain l a n d s  u n d e r  t h e  Bureau o f  Land Management, 
The W i l d e r n e s s  A c t ,  a l s o  p a s s e d  i n  1964 ,  p r o v i d e s  f o r  t h e  
p r e s e r v a t i o n  o f  a few m i l l i o n  a c r e s  i n  t h e  N a t i o n a l  F o r e s t s  a n d  
P a r k s  a n d  W i l d l i f e  R e f u g e s  a s  a  r emnan t  o f  the  o r i g i n a l  
f r o n t i e r  w i l d e r n e s s .  
The r e s p o n s i b i l i t i e s  o f  t h e  F o r e s t  S e r v i c e  i n  m u l t i p l e -  
u s e  management h a v e  b e e n  expanded  by t h e  new F o r e s t  and  
Range land  E n v i r o n m e n t a l  Management A c t  o f  1974.  T h i s  A c t  
i n c l u d e s  t h e  d e c l a r a t i o n ,  "The Forest S e r v i c e  ... i s  r e s p o n s i b l e  
f o r  e s s e n t i a l  progi ,ams and  s e r v i c e s  which must  bs m a i n t a i n e d  o n  
a n  i n t e g r a t e d  b a s i s ,  i n c l u d i n g  p r o g r a m s  t o  a i d  p r i v a t e  and  
S t a t e  f o r e s t  l a n d  m a n a g e r s  t h r o u g h  c o o p e r a t i v e  e f f o r t s  t o  
a c h i e v e  r e s o u r c e  manageme..t g o a l s  ... and t h r o u g h  t h e  manage- 
ment o f  t h e  N a t i o n a l  F o r e s t  Sys tem."  The Act  a l s o  s p e r i f i c a l l y  
i n c l u d e s  t h e  n a t i o n a l  g r a s s l a n d s  a s  p a r t  of t h e  N a t i o n a l  F o r e s t  
Sys tem,  and r e c r e a t i o n ,  g r a z i n g ,  w a t e r ,  and  t i m b e r  among t h e  
r e s o u r c e s  t o  b e  managed. 
The e x t e n t  and  n a t u r e  o f  t h e  l a n d s  u n d e r  t h e  
a d m i n i s t r a t i o n  o f  t h e  Bureau  o f  Land Management a n d  t h e  F o r e s t  
S e r v i c e  a r e  d i s c u s s e d  i n  S e c t i o n s  1.1 and  1 . 2 .  B u t  it i s  i m p o r t a n t  
t o  r e a l i z e  t h a t  t h e  i n f l u e n c e  o f  t h e s e  a g e n c i e s  i n  m u l t i p l e - u s e  
management e x t e n d s  t o  a l l  Uni-ed S t a t e s  f o r e s t s  a n d  r a n g e l a n d s .  
T h e r e  i s  o b v i o u s l y  some i m p o r t a n t  i n f l u e n c e  t h r o u g h  t h e  
c o o p e r a t i v e  p rograms  o f  t h e  F o r e s t  S e r v i c e  and i t s  p u b l i c a t i o n  
o f  r e s e a r c h  and  s t a t i s t i c a l  work,  b u t  t h e r e  i s  a n o t h e r  v i t a l  
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e f f e c t ,  a c h i e v e d  t h r o u g h  s u p p l y  and demand z e l a t i o n s h i p s .  F o r  
exixple, i f  t h e  s o f t w o o d  t i m b e r  h a r v e s t  from n a t i o r d l  f o r e s t s  
were  i n c r e a s e d ,  t h i s  would have  a n  e f f e c t  on t h e  p r i c e s  o f  
f o r e s t  p r o d u c t s .  C o n s e q u e n t l y ,  t h e  mos t  p r o f i t a b l e  management 
p r a c t i c e s  for p r i v a t e l y  owned f o r e s t s  would be d l t e r e d ,  p r o b a b l y  
r e s u l t i n g  i n  a  b u i l d u p  in 'heir t i m b e r  i n v e n t o r i e s .  S i m i l a r l y ,  
i f  t h e  p u b l i c l y  owned l.3nds p r o v i d e  r e c r e a t i o n a l  o p p o r t u n i t i e s  
a t  p r i c e s  be low t h e i r  v a l u e ,  t h e n  t h e  p o t e n t i a l  t o  s u p p l y  s u c h  
o p p o r t u n i t i e s  f rom p r i v a t e  l a n d s  w i l l  n o t  be d e v e l o p e d .  T h e s e  
a re  ways i n  which t h e  managenlent o f  t h e  N a t i o n a l  F o r e s t s  
a f f e c t s  m u l t i p l e - u s e  management t h r o u g h o u t  t h e  U n i t e d  S t a t e s .  
The i n f o r m a t i o n  r e q u i r e m e n t s  f o r  t h e  e x e c u t : o n  o f  t h i s  
RMF a r e  p r o v i d e d  p r i m a r i l y  by  t h e  F o r e s t  S u r v e y  d e s c r i b e d  i n  
S e c t i o n  1 .9 .  I t s  p r i m a r ~  p u r p o s e  i s  t o  s u p p o r t  d e c i s i o n  making 
o n  t h i s  l e v e l  and  on  t h e  n a t i o n a l  p o l i c y  l e v e l  o f  t h e  RMF's o f  
r e s o u r c e  management a c t i v i t y  2 . 9 ,  ( s e e  S e c t i o n  1 . 1 6 )  by p r o v i d i n g  
a n a l y s e s  of r e s o u r c e  s u p p l y  and  demand c o v e r i n g  t h e  f o r e s t s  a n d  
r a n g e l a n d s .  Tt?se r e s e a r c h  and a n a l y s i s  f u n c t i o n s  o f  t h e  
F o r e s t  S u r v e y  a r e  discussed u n d c r . r e s o u r c e  management 
a c t i v i t y  2 . 8  (See S e c t i o u  1.. 15). 
F u n c t i o n  o f  Remote S e n s i n q  
R e m o t e  s e n s i n g  i m p a c t s  t h e  e s e c u t i o n  o f  m u l t i p l e - u s e  
p o l i c y  t h r o u g h  i t s  e f f e c t  on  i n v e n t o r y  d a t a  and a s s o c i a t e d  
a n a l y s i s  i n c l u d i n g  t h e  u s e  o f  c o m p u t e r i z e d  d a t a  b a s e s .  
Improvements i n  t i m e l i n e s s ,  p r e c i s i o n ,  and  c o m p r e h e n s i v e n e s s  
a r e  r e l e v a n t  t o  t h i s  R:-iF fo?: r a n g e l a n d  i n v e n t o r i e s ,  w i l d l i f e  
h a b i t a t  s u r v e y s ,  and f o r  : > r e s t  I n v e n t o r i e s ,  p a r t i c u l a r l y  t h e  
F o r e s t  S u r v e y .  
Economic and T e c h n i c a l  Piodels f o r  E s t i m a t i n g  B e n e f i t s  9 f  Remote 
Sensed  Data  
- 
Under c o n d i t i o n s  o f  " i d e a l "  i n f o r m a t i o n  t h e  a n n u a l  
i n v e s t m e n t  o f  $ 1 . 8  b i l l i o n  ( s e e  Appendix  D) r e q u i r e d  t o  
p r o d u c e  t h e  m u l t i p l e  o u t p u t s  o f  t h e  f o r e s t s ,  r a n g e l a n d s ,  a n d  
w i l d l i f e  a r e a s  would b e  made o p t i m a l l y .  T h a t  i s ,  e a c h  c l a s s  
o f  i n v e s t m e n t  would be  made i n  a n  amount a t  e a c h  l o c a t i v n  
d e t e r m i n e d  by t h e  p r o d u c t i v i t y  o f  t h e  r e s o u r c e  f o r  ezch o f  t h e  
m u l t i p l e - u s e  o u t p u t s .  An u e c e r t a i n t y  i n  t h e  p r o d u c t i v i '  s 
r e s u l t s  i n  a w a s t e  o f  i n v e s t m e n t  r e s o u r c e s  i n  a c o r r e s p o n d i n g  
amount.  For  instant:*:, i f  p r o c l u c t i v i t y  e s t i m a t e s  d i f f e r  from 
u 1 t r u e  p r o d u c t i v i t y  wi'h a v e r a g e  e r r o r  r, a n 3  i f  t h e  e r r o r  c o u l d  
be  r e d u c e d  t o  , 1 t h e  f r a c t i o n  of  t h e  i n v e s t m e n t  LJ 
c o u l d  be s a v e d .  
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A s  d i s c u s s e d  under  RMF 2 . 4 . 3  (Manage Timber P r o d u c t i o n  
I n v e s t r n e n t ~ i ) ,  t h e  sampling e r r o r  of t h e  d a t a  c o l l e c t e d  f o r  t h e  
F o r e s t  Survey could  p robab ly  be reduced from 10  p e r c e n t  t o  
5 p e r c e n t  t h rough  p r o p e r  use  of  EHS d a t a .  Pe rhaps  one  t h i r d  of 
2 t h i s  improvement, o r  1- p e r c e n t  cou ld  be o b t a i n e d  i n  t h e  a v e r a g e  3 
" e r r o r "  i n  s e t t i n g  inves tmen t  r a t e s  by l o c a t i o n .  The r e s u l t i n g  
annua l  b e n e f i t  would be on t h e  o r d e r  of 
$ .0166 x 1.8  b i l l i o n  = $30 m i l l i o n .  
C u r r e n t  ERTS A c t i v i t i e s  
ERTS s c i e r t i s t s  f e e l  t h a t  v e g e t a t i o n  maps s h o u l d  have 
g r e a t  v a l u e  i n  remote a r e a s  f o r  watershed  management, w i l d l i f e  
management, and l and  use  p l a n n i n g .  
J. H .  Anderson o f  t h e  U n i v e r s i t y  of  Alaska made a  
p l i o t o i n t e r p r e t a t i o n  of  a  c o l o r  compos i te  of  MSS Bands 4 ,  5 ,  and 
7 o f  t h e  Seward P e n i n s u l a ,  Alaska.  I t  took  o n l y  1 0   an-hours 
t o  d e l i n e a t e  seven  v e g e t a t i o n  t y p e s ,  whereas e x i s t i n g  v e g e t a t i o n  
maps i d e n t i f y  o n l y  four. It  i s  hoped t h a t  t h e s e  v e g e t a t i o n  maps 
would be  h e l p f u l  i n  d e l i n e a t i n g  a r e a s  t o  be managed f o r  c a r i b o u ,  
moose, and w a t e r  fowl a s  w e l l  as a r e a s  which might  be opened t o  
homesteading o r  managed f o r  t r a p p i n g  of  f u r - b e a r i n g  an ima l s .  
O t h e r  r e l e v a n t  ERTS A c t i v i t i e s  a r e  d i s c u s s e d  under  t h e  r e s o u r c a  
management a c t i v i t y  2 . 2  S t a t i s t i c a l  S e r v i c e s  (See S e c t i o n  1 . 9 ) .  
E s t i m a t e  of  ERTS Economic C a p a b i l i t i e s  
Annual B e n e f i t s :  
Equal  C a p a b i l i t y ;  RMF 2 . 2 . 1  
I n c r e a s e d  C a p a b i l i t y ;  RMF 2.2.1 
New C a p a b i l i t y ;  $30 m i l l i o n  
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DESIGN AND MONITOR FOREST REHABILTTATION 
Ra c i o n a l ~  f o r  Bene E i P . s  
One o f  t h e  means a v a i l a b l e  f o r  m e 2 t i n g  t h e  l o n g  term 
demand f o r  f o r e s t  p r o d u c t s ,  as w e l l  a s  c o n t r i b u t i n g  t o  s o i l  a n d  
water c o n s e r v a t i o n  i s  t o  r e p l a n t  a r e a .  o f  d e t e r i o r a t e d  f o r e s t  
o r  c o n v e r t  a r e a s  f r o m  o t h e r  u s e d  t o  f o r e s t  l a n d .  T h u s ,  f o r e s t  
r e h a b i l i t a t i o n  i s  o n e  way o f  e x p a n d i n g  t h e  p o t e n t i a l  p r o d u c t i o n  
o f  a l l  f o r e s t  v a l u e s .  M o n i t o r i n g  i s  a n  i m p o r t a n t  p a r t  o f  
r e h a b i l i t a t i o n  p r o g r a m s  s i n c e  s u c c e s s  o f  g r o w t h  i s  less  c e r t a i n  
t h a n  i n  s e e d i n g  a n d  p l a n t i n g  p r o g r a m s  f o r  l a n d  i n  c o n t i n u o u s  
f o r e s t  u s e .  
F e d e r a l  Government  A c t i v i t i e c  a n d  R e s p o n s i b i l i t i e s  
T h i s  i s  o n e  o f  t h e  i m p o r t a n t  a c t i v i t i e s  o f  t h e  Forest  
S e r v i c e ,  wh ich  c o n d u c t s  r e f o r e s t a t i o n  p r o g r a m s  i n  t h e  N a t i o n a l  
F o r e s t  Sys t em as w e l l  a s  s h a r i n g  c o s t s  o f  r e f o r e s t a t i o n  p r o g r a m s  
on  S t a t e  a n d  p x i v a r s  l a n d s .  
F u n c t i o n  o f  Remote S e n s i n q  
A c c u r a c y ,  t i m e l i n e s s ,  a n d  c o m p r e h e n s i v e n e s s  o f  t h e  
i n f o r m a t i o n  p r o v i d e d  b y  t h e  F o r e s t  S u r v e y  a r e  i m p o r t a n t  i n  b o t h  
t h e  p l a n n i n g  a n d  t h e  m o n i t o r i n g  a s p e c t s  o f  r e f o r e s t a t i o n .  
T h u s ,  by i m p r o v i n g  t h e s e  q u a l i t i e s  o f  t h e  i n v e n t o r ;  i n f o r m a t i o n ,  
r e m o t e  s e n s i n g  c a n  be r ; : f i t  t h i s  RMF. 
Economic a n d  T e c h n i c a l  Models  far  E s t i m a t i n g  B e n e f i t s  cf_ Remote 
S e n s e d  Data 
T h i s  model  o u t l i n e  u n d e r  RMF 2 . 4 . 3  (Macage Timber  
P r o d u c t i o n  I n v e s t m e n t s )  c o u l d  b e  c x t e n d e d  t-o a p p l y  t o  t h i s  XMF 
a s  w e l l ,  by  r e p l a c i n g  the s t e a d y  s t a t e  assum:~Lion w i t h  a 
dynamic  s t r u c t u r e .  However ,  t h e i r  e x t e n s i o n  h a s  n o t  b e e n  
d e v e l o p e d .  
E s t i m a t e  cf ERTS Economic  C a p a b i l i t b e s  
Annua l  BeV:ef  i ts :  
Not  Esi .mated .  
s .  
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DESIGN AND MONITOR 3ANGELAND REHABILITATXON 
Rationale for Benefits 
The consequences of long periods of rangeland abuae in 
the West and Southwest includes the virtual destrucrion of the 
eco,~omic value of about 80 million acres. Fortunately, it has 
been poss.i':~e to restore rangeland value, also over a long 
pe iod of t m e .  The benefits of such rehabilitation, by 
reseeding, other land investments, and grazing controls are in 
re-establishing an asset which can produce the multiple-use 
outputs on a sustained basis. 
Federal Government Activities and Responsibilities 
Determined federal efforts to restore depleted range- 
lands date from 1932, when the Forest Service made a survey 
reporting on the condition of the Western range, resulting in 
the passage of the Taylor Grazing Act. Only 80 million acres 
were included in the original provisions for protection, but in 
1959 the acreage was increased to 160 million acres. The 
Bureau of Land Management has invested continuously in reseeding 
these rangelands. 
Function of Remote Sensinp 
Information supporting sound decisions on rehabilita- 
tion investments is scarce. Remote sensing may contribute by 
making inventories more comprehensive and timely, and by 
providing dependable range trend indications, so that the 
success of rehabilitation programs can be evaluated, and the 
need for new efforts noticed before deterioriation is advanced. 
Economic and Technical Models for Estimating Benefits of Remote 
Sensed Data 
A model relating the precision of rangeland inventory 
and condition statistics to the "accuracyw of invesLment 
decision similar to the one used in forestry management 
applications would be helpful in estimating benefits to this 
RMF. Because of the large number of variables required to 
describe rangeland productivity and the need to consider the 
time dimension explicitly, the modeling effort would be 
considerable, and has not been undertaken for this study. 
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Current ERTS Act iv i t i e s  
The per t inent  current ERTS a c t i v i t i e s  a re  discussed 
under the s t a t i s t i c z l  RMF8s ( a c t i v i t y  2 . 2 ) .  
Estimate of ERTS Economic Capabi l i ty  
No quant i ta t ive  estimates have been made, but because 
of the broad information sca rc i ty ,  the  capabi l i ty  of ERS-aided 
inventories t o  f i l l  it, and the la rge  economic value of the 
rangeland resource, it i s  possible  t h a t  the benefi t  t o  t h i s  
RMF is a t  l e a s t  a s  large a s  those calculated for other RMFs. 
Lack of s u f f i c i e n t  inventory information is  the main reason 
t h a t  more e f f o r t  i s  not put in to  rangeland res tora t ion .  
Annual Benefits:  
Not Estimated 
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MONITOR AND LIMIT DAMAGE TO WETLANDS 
Rationale for Benefits 
Wetlands are important to the resources of this area 
because they provide a unique and fragile wildlife habitat. 
Wetlands are the subject of intense competition among various 
land uses. Accordingly, the preservation of their value as 
wildlife habitat requires monitoring of damage and possibly 
protective measures. 
Federal Government Activities and Responsibilities 
The Bureau of Sport Fisheries and Wildlife was 
established in the Department of the Interior on August 8, 1956, 
by the Fish and Wildlife Act of 1956. The Bureau is responsible 
for improving and maintaining wildlife resources by a variety 
of management activities including wildlife habitat preserva- 
tion planning and monitoring. 
In October, 1972, Congress enacted the Coastal Zone 
Management Act (Public Law 92-583). This act is designed to 
protect the coastal zone, including wetlands. 
Function of Remote Sensing 
Very limited information is available on the changes 
in wetland area and the kind of development and drainage 
occurring in these lands. But these are the kinds of data 
which satellite imagery most clearly and accurately reveals. 
Remote sensing by satellite can be expected to make a 
substantial contribution to this RMF. 
Economic and Technical Models for Estimating Benefits of Remote 
Sensed Data 
No models have been developed. 
Current ERTS Activities 
See RMF 2.1.3 (Wildlife Habitat Mapping). 
Estimate of ERTS Economic Capability 
Annual Benefits: 
Not Estimated. 
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MONITOR AND L I S I T  DAMAGE IN THE GIANT REDWOOD AND SEQUOIA 
FORESTS 
Rationale for Benefits 
- 
These forests are unique and *nonrenewablen resources, 
whereas most forests are reasonably considered as "renewable 
resourcesn. Monitoring and controlling damage to these forests 
reduces the likelihood of serious and irreversible destruction. 
Fedzral Government Activities and Responsibilities 
The National Park Service was established in the 
Department of the Interior on August 25, 1916 (39 Stat. 535; 
16 U.S.C. 1). Among its objectives is the protection of the 
natural environment of the areas under its jurisdiction. 
The Service has the responsibility for administration of the 
Sequoia National Park. 
Non-Federal Activities 
The Giant Redwood Forest is under the administration of 
the State of California. 
Function of Remote Sensin3 
Remote sensing probably provides the most cost- 
effective way of monitoring disturbances in these forests to the 
extent required to assure preservation of their value. 
Estimate of ERTS Economic Capabilities 
Annual Benefits: 
Not Estimated. 
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ASSESS AND REDUCE DISEASE, WEED, INSECT, AND A N I M A L  DAMAGE 
TO FORESTS 
R a t i o n a l e  f o r  B e n e f i t s  
T h i s  a c t i v i t y  p r e s e r v e s  t h e  v a l u e  o f  t h e  f o r e s t s  f o r  
t i m b e r  p r o d u c t i o n  and o t h e r  u s e s .  
F e d e r a l  Government A c t i v i t i e s  and R e s p o n s i b i l i t i e s  
The U . S .  F o r e s t  S e r v i c e  h a s  t h e  r e s p o n s i b i l i t y  f o r  
p r o t e c t i n g  t h e  n a t i o n a l  f o r e s t  l a n d s  it a d m i n i s t e r s  f rom damage. 
The o t h e r  f e d e r a l  a g e n c i e s  a d m i n i s t e r i n g  f o r e s t  l a n d  have  t h e  
same r e s p o n s i b i l i t i e s  on t h e i r  l a n d s .  I n  a d d i t i o n ,  t h e  F o r e s t  
S e r v i c e  c o o p e r a t e s  w i t h  S t a t e  and l o c a l  governments ,  a g e n c i e s ,  
and o r g a n i z a t i o n s ,  f o r e s t  i n d u s t r i e s ,  and p r i v a t e  l andowners  
i n  t h e  p r o t e c t i o n  o f  577 m i l l i o n  a c r e s  o f  f o r e s t e d  l and .  
E x p e n d i t u r e s  f o r  p e s t  c o n t r o l  have  a v e r a g e d  a b o u t  $12 m i l l i o n  
a n n u a l l y  o f  which 7 p e r c e n t  i s  f e d e r a l l y  p rov ided .*  
F o r e s t  i n s e c t  and d i s e a s e  damage is a s s e s s e d  a n n a u l l y  
i n  s u r v e y s  sponso red  by 26 s t a t e s  and t h e  F o r e s t  S e r v i c e  unde r  
t h e  F o r e s t  P e s t  C o n t r o l  A c t  ( 61  S t a t .  177; 1 6  U.S.C. 591-4).  
Data  from t h e s e  s u r v e y s  a r e  used t o  recommend s u p p r e s s i o n  o r  
c o n t r o l  programs. D e t e c t i o n  s u r v e y s  combine u s e  of  a e r i a l  
s k e t c h e s ,  a e r i a l  pho tog raphs ,  ground i n s p e c t i o n ,  and r e p o r t s  
from concerned  c i t i z e n s .  
When d i s e a s e  o r  i n s e c t  a c t i v i t y  h a s  been  e s t a b l i s h e d  
and l o c a t e d  t h rough  d e t e c t i o n  s u r v e y s ,  e v a l u a t i o n  s u r v e y s  
are conduc ted  t o  e v a l u a t e  damage. These  a r e  g e n e r a l l y  based  
on a s t a t g s t i c a l  sampl ing  d e s i g n .  
F u n c t i o n  o f  Remote Sens ing  
Remote s e n s i n g  h a s  t h e  p o t e n t i a l  t o  p r o v i d e  e a r l i e r  
e v i d e n c e  o f  b e g i n n i n g  p e s t  damage, p a r t i c a l a r l y  i n  remote  
a r e a s .  
Economic and T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i 2  
Models f o r  b e n e f i t  e s t i m a t i o n  w i l l  have  t o  cope  w i t h  
two l i m i t a t i o n s  i n  c u r r e n t  management sys tems .  One i s  t h a t  v e r y  
* Data f o r  p e r i o d  1960-1970, The Outlook f o r  Timber,  U.S. 
F o r e s t  S e r v i c e  , 197 3. 
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l i t t l e  i s  known a b o u t  how t o  c o n t r o l  p e s t  damage, e v e n  when its 
l o c a t i o n  a n d  e x t e n t  i s  known. The e x t r e m e  s o l u t i o n  o f  
d e s t r o y i n g  t h e  c o n t a m i n a t e d  r e g i o n  i s  f e a s i b l e  o n l y  when 
d e t e c t i o n  i s  e x t r e m e l y  e a r l y .  Second ,  means o f  p r e - v i s u a l  
d e t e c t i o n  o f  i n s e c t  a n d  d i s e a s e  a c t i v i t y ,  t h o u g h  c o n s i d e r e d  
p o s s i b l e ,  h a v e  n o t  y e t  b e e n  d e m o n s t r a t e d .  
C u r r e n t  ERTS A c t i v i t i e s  
P r i n c i p a l  I n v e s t i g a t o r  
Ra lph  C. H a l l  
R e p o r t  : 
A p p l i c a t i o n  o f  ERTS-1 Imagery  and  U n d e r - f l i g h t  
P h o t o g r a p h  i n  t h e  D e t e c t i o n  a n d  M o n i t o r i n g  o f  
F o r e s t  I n s e c t  I n f e s t a t i o n  i n  t h e  S i e r r a  Nevada 
Mounta ins  o f  C a l i f o r n i a .  
Assessment  o f  D i s e a s e  Damage 
C l a s s i f i c a t i o n  o f  t h e  d e f o l i a t e d  a r e a s  i n t o  l i g h t ,  
medium, a n d  h e a v y ,  damage h a s  b e e n  a c c o m p l i s h e d .  The i n v e s t i g a -  
t o r s  were  a b l e  t o  d i f f e r e n t i a t e  t h e  b a r k  a n d  b e e t l e  damaged 
a r e a s  p r i n c i p a l l y  on t h e  b a s i s  o f  c o l o r  d i f f e r e n c e s .  
D r .  Heller  and o t h e r s  o f  t h e  P a c i f i c  S o u t h  West F o r e s t  
and  Range S t a t i o n  ( F o r e s t  S e r v i c e )  h a v e  c o n d u c t e d  a n  e v a l u a t i o n  
o f  ERTS-1 imagery  t o  d e t e r m i n e  t h e  minimum i n f e s t a t i o n  s i z e  
r e s u l t i n g  f rom m o u n t a i n  p i n e  bee t l e  t h a t  i s  d e t e c t a b l e  f rom ERTS 
imagery .  T h e i r  p r e l i m i n a r y  a s s e s s m e n t  o f  c a p a b i l i t i e s  i s  t h a t  
l a r g e  i n f e s t a t i o n s  o f  heavy  damage c a n  be d e t e c t e d  f rom ERTS-1 
imagery .  U n f o r t u n a t e l y ,  t h i s  i s  o f  l i m i t e d  v a l u e  t o  f o r e s t  
p r o t e c t i o n  p rograms .  Only e a r l y  d e t e c t i o n  o f  p e s t  o u t - b r e a k s  
a l l o w s  e f f e c t i v e  s u p p r e s s i o n .  
E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  
Annual  B e n e f i t s :  
Not E s t i m a t e d .  
RHP No. 2.6.2 
ASSESS AND REDUCE DISEASE, WEED, INSECT, AND ANIMAL DAMAGE TO 
RANGELANDS 
Rationale for Benefits 
This RMF preserves the value of the rangelands for 
livestock feeding, sheltering and feeding wildlife, and other 
uses, including watershed management. 
Federal Government Activities and Responsibilities 
The Forest Service has general responsibilities in this 
area, while the Bureau of Land Management is active in the 
protection of the lands it administers. 
Function of Remote Sensing 
Remote sensing has the potential to provide timely 
evidence of beginning damage, particularly in area: not 
regularly inspected by other means. 
Estimate of ERTS Economic Capability 
Annual Benefits: 
Not Estimated. 
RMF No. 2.6.3 
ASSESS AND REDUCE EROSION DAMAGE TO FORESTS A N D  RANGELANDS 
R a t i o n a l e  f o r  B e n e f i t s  
T h i s  RMF p r e s e r v e s  t h e  v a l u e  o f  t h e  f o r e s t s  a n d  r a n g e -  
l a n d s  f o r  t i m b e r  p r o d u c t i o n ,  f o r a g e  p r o d u c t i o n ,  w i l d l i f e  s h e l t e r  
and  f e e d i n g ,  r e c r e a t i o n a l  and o t h e r  u s e s .  
F e d e r a l  Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  
The F o r e s t  S e r v i c e  and  t h e  Bureau o f  Land Management 
p e r f o r m  t h i s  f u n c t i o n  t o  some e x t e n t  as  p a r t  o f  t h e  o p e r a t i n g  
management o f  t h e  t i m b e r  a n d  f o r a g e  r e s o u r c e s .  
I n  a d d i t i o n ,  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  of t h e  
Depar tment  o f  A g r i c u l t u r e ,  e s t a b l i s h e d  u n d e r  a u t h o r i t y  of t h e  
S o i l  C o n s e r v a t i o n  A c t  o f  1935  ( 4 9  S t a t .  1 6 3 ;  U . S . C .  2 9 0 a - f ) ,  
h a s  r e s p o n s i b i l i t y  f o r  d e v e l o p i n g  and  c a r r y i n g  o u t  a  n a t i o n a l  
s o i l  and water c o n s e r v a t i o n  program i n  c o o p e r a t i o n  w i t h  l a n d -  
owners  a n d  o p e r a t o r s  and o t h e r  l a n d  u s e r s  and  d e v e l o p e r s ,  w i t h  
community p l a n n i n g  a g e n c i e s  a n d  r e g i o n a l  r e s o u r c e  g r o u p s ,  a n d  
w i t h  o t h e r  a g e n c i e s  o f  government  -- F e d e r a l ,  S t a t e ,  and  L o c a l .  
The s e r v i c e  makes s o i l  s u r v e y s  t o  d e t e r m i n e  s o i l  u s e  p o t e n t i a l s  
and c o n s e r v a t i o n  t r e a t m e n t  n e e d s .  These  a r e  p u b l i s h e d  w i t h  
i n t e r p r e t a t i o n s  u s e f u l  t o  c o o p e r a t o r s ,  o t h e r  F e d e r a l  a g e n c i e s ,  
S t a t e  and L o c a l  o r g a n i z a t i o n s .  
C u r r e n t  ERTS A c t i v i t i e s  
P r i n c i p a l  I n v e s t i g a t o r  
F r y r e a r ,  D.  W .  
R e p o r t s  : 
S o i l  Survey  and C l a s s i f i c a t i o n  and S o i l  E r o s i o n  by 
F r y r e a r ,  D. W .  
Comments : 
P r i n c i p a l  I n v e s t i g a t o r  r e p o r t e d  two b lowout  a r e a s ,  
p r e v i o u s l y  unknown t o  p e r s o n n e l  a t  B ig  S p r i n g  F i e l d  S t a t i o n ,  
were  l o c a t e d  t h r o u g h  u s e  o f  ERTS MSS imagery .  
E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  
Annual  B e n e f i t s :  
Not E s t i m a t e d .  
RMF No. 2.6.4 
ASSESS AND REDUCE FIRE DAMAGE TO FORESTS AND RANGELANDS 
R a t i o n a l e  f o r  B e n e f i t s  
T h i s  a c t i v i t y  p r e s e r v e s  t h e  v a l u e  o f  t h e  f o r e s t s  f o r  
t i m b e r  p r o d u c t i o n  and o t h e r  u s e s .  
F e d e r a l  Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t y  
The Forest S e r v i c e  h a s  t h e  s p e c i f i c  r e s p o n s i b i l i t y  o f  
c o o p e r a t i n g  w i t h  o t h e r  f o r e s t  o w n e r s  a n d  m a n a g e r s  i n  t h e  
p r o t e c t i o n  o f  t h e  n a t i o n ' s  f o r e s t  and  r a n g e  e a v i r o n m e n t  f rom 
f i r e .  
A l l  50 S t a t e s  h a v e  c o o p e r a t i v e  a g r e e m e n t s  f o r  p a r t i c i -  
p a t i o n  w i t h  t h e  F o r e s t  S e r v i c e  i n  t h e  C o o p e r a t i v e  F o r e s t  F i r e  
C o n t r o l  Program. The F o r 2 s t  S e r v i c e  p r o v i d e s  c o o r d i n a t i o n  and  
f i n a n c i a l  a s s i s t a n c e .  T h i s  p rogram i n c l u d e s  F e d e r a l - S t a t e  
c o o p e r a t i o n  i n  p r o d u c i n g  and d i s t r i b u t i n g  t r e e  s e e d s  a n d  
s e e d l i n g s  f o r  p l a n t i n g  on  S t a t e  and p r i v a t e  f o r e s b  l a n d s ,  a n d  
f o r  w i n d b r e a k s  and s h e l t e r b e l t s .  
F u n c t i o n  o f  Remote S e n s i n g  
I t  a p p e a r s  t h a t  t h e  c o n t r i b u t i o n  o f  r e m o t e  s e n s i n g  t o  
t h i s  f u n c t i o n  may b e  i n  p r o v i d i n g  b e t t e r  d e p l o y m e n t  o f  
Dreventive r e s o u r c e s  p o s s i b l e  t h r o u g h  c o m p r e h e n s i v e  m o n i t o r i n g  
o f  f u e l  c o n d i t i o n s .  
C u r r e n t  ERTS A c t i v i t i e s  
ERTS imagery  c a n  p r o v i d e  t h e  b a s i s  f o r  d e t e r m i n i n g  t h e  
l o c a t i o n  and  e x t e n t  o f  r a n g e l a n d s  where  p o t e n t i a l  f i r e  h a z a r d s  
e x i s t  e i t h e r  b y  v i r t u e  o f  e a r l y  d r y i n g  o r  by  v i r t u e  o f  t h e  
p r e s e n c e  o f  a b u n d a n t  f o r a g e  which  when d r y i n g  c r e a t e s  t h e  f l a s h  
f u e l  f o r  s p r e a d i n g  f i r e  t o  more v a l u a b l e  v e g e t a t i o n  t y p e s . *  
ERTS images  o f  Big  D e l t a ,  A l a s k a ,  t a k e n  Augus t  21 ,  
1972 ,  shows t h a t  o l d  f o r e s t  f i r e  b u r n s  a r e  v e r y  w e l l  r e v e a l e d  
i n  f a l s e  c o l o r  enhancement ,  n o t  s o  much b e c a u s e  n o r t h e r n  
* David  M. C a r n e g g i e ,  S t e p h e n  D.  D e G l o r i a ,  " M o n i t o r i n g  
C a l i f o r n i a ' s  F o r a g e  R e s o u r c e  Us ing  ERTS,-I and S u p p o r t i n g  
A i r c r a f t  D a t a , "  f rom Symposium on  S i g n i f i c a n t  R e s u l t s  
O b t a i n e d  f rom t h e  E a r t h  R e s o u r c e s  Techno logy  S a t e l l i t e ,  
(New C a r r o l l t o n ,  Mary land ,  1973), p.  94 .  
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eco logy  is  slow t o  h e a l  b u t  i n  t h i s  c a s e  because  a  d i f f e r e n t  
t y p e  o f  v e g e t a t i o n ,  aspen  and b i r c h ,  grew t o  r e p l a c e  t h e  
o r i g i n a l  h a b i t a t  o f  b l a c k  s p r u c e  which e s i s t e d  f i f t y  y e a r s  
ago. 
Rangeland r e c e n t l y  burned ( w i t h i n  s i x  mon ths ) ,  i s  
d e t e c t a b l e  on ERTS imagery,  MSS Band 4. Prompt and s y s t e m a t i c  
d e t e r m i n a t i o n  of  l o c a t i o n . a n d ,  e x t e n t  o f  burned g r a s s l a n d ,  
t h e r e f o r e ,  i s  p o s s i b l e .  
E s t i m a t e  of ERTS Economic C a p a b i l i t y  
Annual B e n e f i t s :  
Not Es t ima ted .  
RMF No. 2 .6 .5  
ASSESS AND REDUCE POLLUTION DAMAGE TO WILDLIFE AREAS 
Rationale for Benefits 
This activity contributes to the objectives of 
preserving wildlife areas for various uses. 
Federal Government Activities and Responsibilities 
The Environmental Protection Agency, an independent 
agency of the Executive Branch created in 1970, endeavors to 
abate and control pollution systcmatically. 
Function of Remote Sensins 
Comparison of images of the same area in successive 
occasions may provide a fast way of detecting disturbances. 
Estimate of ERTS Economic Capabilitit 
Annual Benefits: 
Not Estimated. 
RMF No. 2.7.1 
MONITOR IMPACT OF THE ALASKAN PIPELINE ON WILDLIFE 
Rationale for Benekits 
By monitoring the impact of the Alaskan Pipeline on 
wildlife, determination of possible changes in feeding and 
migration would be accomplished. Changes in normal behavior o f  
wildlife could lead to population thinning and ecological 
shifts within the wildlife balance. The benefit of information 
on such changes is in assuring the preservation of wildlife 
values. 
Federal Government Activities and Responsibilities 
The Bureau of Sport Fisheries and Wildlife of the 
Department of the Interior has the responsibility of wildlife 
stewaxdship. The Bureau's activities include studies of wild- 
life populations and ecological studies, and wilderness 
preservation planning. 
Function of Remote Sensing 
Regular inspection of periodic images of the critical 
areas may be an inexpensive way of detecting problems tor 
more detailed investigation. 
Estimate of ERTS Economic Capabilities 
Annual Benefits: 
Not Estimated. 
RMF NO. 2 . 8 . 1  
RESEARCH FOREST MANAGEMENT PRACTICES 
R a t i o n a l e  f o r  B e n e f i t s  
R e s e a r c h  a c t i v i t i e s  i n  f o r e s t  management p r a c ~ f c e s  a re  
p e r f o r m e d  f o r  t h e  p u r p o s e  o f  d i s c o v e r i n g  means o f  i n c r e a s i n g  
t i m b e r  g rowth  and  f o r  e x t e n d i n g  timber s u p p l i e s  beyond p r e s e n t  
l e v e l s .  
F e d e r a l  Government P . c t i v i t i e s  and R e s p o n s i b i l i t i e s  
P r i m a r y  F e d e r a l  r e s p o n s i b i l i t y  i n  r e s e a r c h  of manage- 
ment p r a c t i c e s  i s  g i v e n  t o  t h e  U . S .  F o r e s t  S e r v i c e .  T h i s  
r e s e a r c h  f u n c t i o n  o f  t h e  F o r e s t  S e r v i c e  i s  a u t h o r i z e d  by  t h e  
McSweeney-McNary F o r e s t  R e s e a r c h  A c t  o f  1928.  P r e s e n t l y  
r e s e a r c h  i s  b e i n g  c o n d u c t e d  o n  g e n e t i c s ,  s p a c i n g ,  t h i n n i n g ,  
h a r v e s t i n g  and  e ~ v i r o n m e n t a l  a s p e c t s  o f  F o r e s t  Management. 
E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  
Annual  B e n e f i t s :  
Not E s t i m a t e d .  
RIIF N o .  2.8.2 
RESEARCH FOREST AND RANGE FIRE CONTROL TECHNIQUES 
R a t i o n a l e  f o r  B e n e f i t s  
Research i n  t h e  area o f  f i r e  c o n t r o l  t e c h n i q u e s  is 
be ing  conducted t o  improve b o t h  f i r e  f i g h t i n g  and p r e v e n t i o n  
methods. Improved f i r e  c o n t r o l  would r e s u l t  i n  i n c r e a s e d  timber 
y i e l d  and w i l d l i f e  p r o t e c t i o n  f o r  t h e  f o r e s t s ,  and better  f o r a g e  
c o n d i t i o n s  i n  t h e  r ange lands .  
Federal Government A c t i v i t i e s  and R e s p o n s i b i l i t i e s  
A s  is  t h e  c a s e  w i t h  the b u l k  of r e s e a r c h  i n  f o r e s t r y ,  
t h e  U.S. F o r e s t  S e r v i c e  c o n d u c t s  r e s e a r c h  i n  f i r e  c o n t r o l  
t echn iques .  C u r r e n t l y  t h e  f o r e s t  s e r v i c e  is  conduc t ing  tests 
i n  p r e s c r i b e d  bu rn ing  and c l o s e r  t imber  use. The N a t i o n a l  
Park  s e r v i c e  and t h e  F o r e s t  S e r v i c e  are i nvo lved  w i t h  r ange land  
f i r e - c o n t r o l  r e s e a r c h .  
E s t i m a t e  of ERTS Economic C a p a b i l i t i e s  
Annual B e n e f i t s :  
Not Es t ima ted .  
RMF No. 2.8.3 
RESEARCH RANGELAND MANAGEMENT PRACTICES 
Rationale for Benefits 
Improved rangeland management practices developed 
through research have resulted in the increased vigor and 
density OL existing and developing rangelands. 
Federal Government Activities and Responsibilities 
Rangeland management practices are researched by the 
U.S. Forest Service, the Agricultural Research Service, both 
of the Departments of Agriculture, and by the Bureau of Land 
Management of the Department of the Interior. One important 
activity is the development of improved grass types and the 
determination of better ways to match grass types with 
particular ecological characteristics of the range environment. 
Estimate of ERTS Economic Capabilities 
Annual Benefits: 
Not Estimated, 
RESEARCH METHODS OF DXSEASE CONTROL.AND ANIMAL DAMAGE REDUCTION 
I N  FORESTS AND RANGELANDS 
R a t i o n a l e  f o r  B e n e f i t s  
These r e s e a r c h  a c t i v i t i e s  are performed f o r  t h e  purpose  
of  improving t imber  y i e l d ,  f o r a g e  v i g o r ,  and r e d u c i n g  e x p l o i t i v e  
r ange land  p r a c t i c e s .  
F e d e r a l  Government A c t i v i t i e s  and R e s p o n s i b i l i t i e s  
The U-S. F o r e s t  S e r v i c e  per forms  t h e  major r e s e a r c h  
e f f o r t s  f o r  t h e  n a t i o n ' s  f o r e s t s .  There  h a s  been i n c r e a s i n g  
e x p e r i e n c e  i n  recent y e a r s  i n  t h e  u s e  o f  f o r e s t  f e r t i l i x e r s  t o  
a c c e l e r a t e  t ree  growth and improve r e s i s t a n c e  t o  d i s e a s e .  The 
F o r e s t  S e r v i c e  a l s o  r e p o r t s  s t u d i e s  on  e x p l o i t i v e  r ange land  
p r a c t i c e s  which l e a d  t o  e r o s i o n .  
E s t i m a t e  of ERTS Economic C a p a b i l i t i e s  
Annual B e n e f i t s :  
Not Es t imated .  
RHF No. 2.8.5 
RESEARCH ECOLOGICAL RELATIONSHIPS RELATING TO WILDLIFE 
Rat ionale  f o r  B e n e f i t s  
Improved e c o l o g i c a l  ba lances  brought  abou t  by r e s e a r c h  
i n  t h i s  a r e a  w i l l  r e s u l t  i n  normaliaed w i l d l i f e  p o p u l a t i o n  
ba lances ,  b e t t e r  s c e n i c  q u a l i t i e s ,  r e c r e a t i o n  and food produc- 
t i o n  f o r  t h o s e  dependent on t h i s  e c o l o g i c a l  system, 
Federa l  A c t i v i t i e s  and R e s p o n s i b i l i t i e s  
The Bureau of  Spor t  F i s h e r i e s  and W i l d l i f e  of t h e  i 
Department of the I n t e r i o r  is a u r r e n t l p  t agg ing  and examining 1 r l i  i 
w i l d l i f e  f o r  purposes  o f  improving t h e  w i l d l i f e  ba lance ,  Other  
Federa l  a g e n c i e s  i n c l u d i n g  t h e  EPA and t h e  Forest S e r v i c e  are i = 8  
examining t h e  e f f e c t s  of chemical  f e r t i l i z e r ,  a i r  and wa te r  
p o l l u t i o n .  
Es t imate  of  ERTS Economic C a p a b i l i t i e s  3 
Annual B e n e f i t s :  d 
Not Est imated.  1 
RHF No. 2.9 .1  
DESXGN FORESTRY LEGISLATION AND MONITOR COMPLIANCE 
i 1 1 '  
1 
R a t i o n a l e  f o r  B e n e f i t s  
- 
F o r e s t r y  l e g i s l a t i o n  h a s  had t h e  f u n c t i o n  o f  d e f i n i n g  
ani  s t r e n g t h e n i n g  t h e  c o n c e p t s  o f  m u l t i p l e  u s e  and s u s t a i n e d  
y i e ' d .  Thus i ts  o v e r a l l  o b j e c t i v e  is  t h e  enhancement o f  t h e  
v a l u e  o f  t h e  f o r e s t  r e s o u r c e s ,  and v a l u e  h a s  t h e  meaning 
2 a ~ ~ t 4 o p e d  i n  Appendix D, t h e  a b i l i t y  to  produce s u s t a i n e d  
ou:pats o f  t imber ,  f o r a g e ,  w i l d l i f e  v a l u e s ,  wa te r ,  and 
r e c r e a t i o n a l  v a l u e s .  L e g i s l a t i o n  s u p p o r t s  t h i s  o b j e c t i v e  by 
e s t a 2 l i s h i n g  p o l i c i e s  f o r  a g e n c i e s  such  a s  t h e  F o r e s t  S e r v i c e ,  
a s s i ~ n i n g  and  fund ing  o f  some o f  t h e i r  major  t a s k s ,  ar,d a t  t h e  
-. s t a t3  and  l o c a l  l e v e l ,  by d i r e c t l y  r e g u l a t i n g  p r i v a t e  f o r e s t  
G o p e r a t i o n s ,  
Federal Government A c t i v i t i e s  and R e s p o n s i b i l i t i e s  
I P e d e r a l  L e g i s l a t i o n  h a s  r e s u l t e d  i n  t h e  d e f i n i t i o n  and 
a p p l f c a t i o n  o f  t h e  s u s t a i n e d - y i e l d  and mul t ip l e - -use  c o n c e p t s ,  i a s  s u a n a r i z e d  i n  Chapter  1 and ~ p p e n d i c e s  B and C -  
. ! I 
? 
* : - E ; t i a n t e  of  ERTS Economic C a p a b i l i t i e s  
Annual B e n e f i t :  
Not Es t imated .  
DESIGN RANGELAND LEGISLATION AND MONITOR COMPLIANCE 
Rational for Benefits 
Rangeland legislation has been necessary primarily 
to halt the abuse of the range resources which was caused by 
years of overgrazing. Its objectives have been to enhance and 
protect multiple-use values of the rangelands. Its major 
impact is through the budget setting process for the Forest 
Service and the Bureau of Land Management and in the direct 
assignment of some of their responsibilities. 
Federal Government Activities and Responsibilities 
Federal Legislation has resulted in the definition 
and application of the sustained-yield and multiple-use 
concepts, as summarized in Qhapter 1 and Appendices B and C. 
Bstimate of BRTS Bconomic Capabilities 
Annual Benefits: 
Not Estimated. 
RllF N o .  2.9.3 
D E S I G N  LEGISLATION RELATED T O  WILDLIFE AND MONITOR COMPLIANCE 
R a t i o n a l e  f o r  B e n e f i t s  
W i l d l i f e  related l e g i s l a t i o n  h a s  t h e  b e n e f i t  o f  
a s s u r i n g  c o n s i d e r a t i o n  o f  w i l d l i f e  v a l u e s  i n  d e c i s i o n  making 
a f f e c t i n g  the f o r e s t  and  r a n g e l a n d  r e s o u r c e s .  I n  some cases, 
i t  is directed to  t h e  c o r r e c t i o n  o f  a s p e c i f i c  s i t u a t i o n  
damaging to  t h e s e  v a l u e s .  
F e d e r a l  Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  
F e d e r a l  L e g i s l a t i o n  has r e s u l t e d  i n  t h e  d e f i n i t i o n  a n d  
a p p l i c a t i o n  o f  t h e  s u s t a i n e d - 1 - i e l d  and  m u l t i p l e - u s e  c o n c e p t s ,  
as summarized i n  C h a p t e r  1 a n d  Appendices  B a n d  C. 
E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  
Annual  B e n e f i t s :  
Not E s t i m a t e d .  
APPENDIX B: 
SUMMARY OF APPLICABLE FEDERAL BUDGETS 
The federal government is active in the management of 
the natural resources of this area through several agencies of 
the Deps-tment of the Interior, several of the Department of 
Agriculture, and the Tennsessee Valley Authority. 
Table 3 on page B-2, summarizes the applicable budgets 
of these agencies. Their genral responsibilities are stated 
in this Appendix, white rcre detailed activities specific 
to the RMFs are discussed in Appendix A. 
Department of the Interior 
The Department of the Interior, created by an act of 
Congress in 1849 (9 Stat. 395; 43 U.S.C. 1451), is responsible 
for the administration of about 500 million acres of federal 
lands and 50 million acres of land held in trust (mostly Indian 
reservations). The Department is also charged with "the 
conservation, development, and utilization of fish and wildlife 
resources; the coordination of Federal a?d State recreation 
programs; the preservation and administration of the Nation's 
scenic and historic areas ... "*  The following bureaus of the 
Department carry out these responsibilities with respect to the 
forests, rangelands, and wildlife areas: (1) Bureau of Land 
Management; (2) National Park Service; (3) Bureau of Indian 
Affairs. 
Bureau of Land Management 
The Bureau of Land Management was established in 
1946 in accordance with the President's reorganiza- 
tion plan 3 (5 U.S.C. 133y-16). The Bureau 
classifies, manages, and disposes of public lands*+ 
and their related resources according to the 
* General Services Administration, United States Government 
Manual. (Washington: Government Publication Office, 
1973). 
* *  "Public land" is used by the BLM to mean land which has 
never left Federal ownership; also lands in Federal 
ownership which were obtained by the government in exchange 
for public lands or for timber on public lands. 
, 
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p r i n c i p l e  o f  m u l t i p l e  u s e  management. P u b l i c  l a n e  
r e s o u r c e s  manaaed by t h e  Bureau  i n c l u d e  t imber ,  
m i n e r a l s ,  w i l d l i f e  h a b i t a t ,  l i v e s t o c k  f o r a g e ,  p u b l i c  
r e c r e a t i o n  v a l u e s ,  and  o p e n  s p a c e . *  
The N a t i o n a l  P a r k  S e r v i c e  
The N a t i o n a l  P a r k  S e r v i c e  was e s t a b l i s h e d  i n  t h e  
Depar tment  o f  t h e  I n t e r i o r  o n  Augus t  25, 1916  
(39 S t a t .  535; 1 6  U.S.C. I ) . * *  The N a t i o n a l  P a r k  
S e r v i c e  a d m i n i s t e r s  f o r  t h e  American p e o p l e  a n  
e x t e n s i v e  s y s t e m  o f  n a t i o n a l  p a r k s ,  monuments, 
h i s t o r i c  s i t e s ,  and r e c r e a t i o n a l  a r e a s .  The stated 
f u n c t i o n  o f  t h i s  agency  i s  t o  " a d m i n i s t e r  t h e  
p r o p e r t i e s  u n d e r  i t s  j u r i s d i c t i o n . , . t o  p r o t e c t  t h e  
n a t u r a l  e n v i r o n m e n t  o f  t h e  areas, a n d  t o  assist  
s ta tes ,  l o c a l  g o v e r n m e n t s ,  a n d  c i t i z e n  g r o u p s  i n  t h e  
d e v e l o p m e n t  o f  p a r k  a r e a s . * * *  
T h e  Bureau o f  I n d i a n  A f f a i r s  
The Bureau o f  I n d i a n  A f f a i r s  was c r e a t e d  i n  t h e  War 
Depar tment  5n 1824 ,  a n d  t r a n s f e r r e d  t o  t h e  I n t e r i o r  
Depar tment  i n  1849.  I n  1 9 2 1 ,  C o n g r e s s  p a s s e d  t h e  
S n y d e r  A c t ,  p r o v i d i n g  s u b s t a n z i v e  l a w  f o r  a p p r o p r i a -  
t i o n s  and  d e f i n i n g  t h e  s c o p e  o f  a c t i v i t i e s  f o r  t h e  
Bureau .  A l a t e r  b i l l ,  t h e  I n d i a n  R e o r g a n i z a t i o n  A c t  
o f  1934 ,  ( 4 8  S t a t .  984;  2 5  U.S .C .  461  e t .  s e q . )  
b r o a d e n e d  t h e  d u t i e s  o f  t h e  Bureau.  The p r e s e n t  
r e s p o n s i b i l i t i e s  o f  t h e  Bureau  i n c l u d e  w o r k i n g  w i t h  
t h e  I n d i a n  p e o p l e s  i n  " t h e  d e v e l o p m e n t  and  implementa-  
t i o n  o f  p rograms  f o r  t h e i r  economic  advancement  and  
f o r  f u l l  u t i l i z a t i o n  o f  t h e i r  n a t u r a l  r e s o u r c e s  
c o n s i s t e r a t  w i t h  t h e  p r i n c i p l e s  o f  r e s o u r c e s  c o n s e r v a -  
t i o n . * * * *  
* *  Op. c i t . ,  p . 2 7 0 .  
***  I b i d . ,  p .  2 7 0 .  
-
****  O p .  c i t . ,  p .  2 7 3 .  
The Department of Agriculture 
The Department of Agriculture was created by an act of 
Congress on May 15, 1862 (12 Stat. 387; U.S.C. 511, 514, 516). 
The act directs the Department of Agriculture to "acquire, and 
to diffuse among the people of the United Stater useful informa- 
tion on subjects connected with agriculture in the most general 
and comprehensive sense of that work, and to procure, propagate, 
and distribute among the people new and valuable seeds and 
plants. * To accomplish this purpose, the Department functions 
in the areas of research, education, conservation, marketing, 
regulatory work, agricultural adjustment, surplus disposal, and 
rural development.** 
Within the Department of Agriculture, the following 
bureaus have specific duties in the administration and protection 
of forests, rangelands, and wildlife areas: (1) Forest Service, 
( 2 )  Soil Conservation Service, ( 3 )  Statistical Reporting 
Service, (4) Agricultural Research Service, (5) ~gricultural 
Stabilization and Conservation Service, ( 6 )  Cooperative State 
Research Service, ( 7 )  Federal Extension Service. The first two 
have responsibilities broader than a single RMF area, and are 
therefore discussed in this section. The activities of the 
remaining five bureaus are treated in later sections. 
The Forest Service 
The federal forest reserves were established by the 
President from the public domain by the creative act 
of March 3, 1891. (26 Stat. 1103; 16 U.S.C. 471). 
In 1905 the Forest Service was created within the 
Department of Agriculture and the Federal Forest 
Reserves and their management was transferred from 
the Interior Department to the Forest Service. 
(33 Stat. 628; 16 U.S.C. 472). 
* Wayne D. Rasmuisen and Gladys L. Baker, The Department 
of Agriculture (New York: Praeger Publishers, 1972) 
p. 243. 
* *  General Services ~dministration, ~ n j c s d  States Govern- 
ment Manual (Washington: Government Publication Office, 
19731, p. 94. 
The f o r e s t  S e r v i c e  c a r r i e s  t h e  n a i a  f e d e r a l  r e s p o n s i -  
b i l i t y  f o r  p r o t e c t i n g  and developing t h e  f o r e s t  
r e s o u r c e s  of  t h e  c o u n t r y .  A c c o r d i n g l y ,  t h e  s c o p e  o f  
i t s  a c t i v i t i e s  i s  e x t r e m e l y  b r o a d ,  and i t s  o r g a n i z a -  
t i o n  i s  complex.  The a g e n c y  i s  o r g a n i z e d  a l o n g  t h e  
l i n e s  o f  i t s  t h r e e  m a j o r  a r e a s  o f  r e s p o n s i b i l i t y :  
n a t i o n a l  f o r e s t  a d m i n i s t r a t i o n ,  s t a t e  a n d  p r i v a t e  
f o r e s t r y  c o o p e r a t i o n ,  a n d  r e s e a r c h . *  
Under t h e  n a t i o n a l  f o r e s t  a d m i n i s t r a t i o n ,  t h e r e  a r e  
n i n e  a d m i n i s t r a t i v e  r e g i o n s  e a c h  d i r e c t e d  by a  
r e g i o n a l  f o r e s t e r  who i s  r e s p o n s i b l e  t o  t h e  C h i e f  o f  
t h e  F o r e s t  S e r v i c e .  T h i s  r e g i o n a l  f o r e s t e r  h a s  
a u t h o r i t y  o v e r  t h e  f o r e s t  s u p e r v i s o r s .  Each f o r e s t  
s u p e r v i s o r  a d m i n i s t e r s  o n e  o f  t h e  n a t i o n a l  f o r e s t s .  
Each n a t i o n a l  f o r e s t  i s  f u r t h e r  d i v i d e d  i n t o  r a n g e r  
d i s t r i c t s  which  a r e  t h e  b a s i c  u n i t s  o f  a d m i n i s t r a t i o n .  
The F o r e s t  S e r v i c e  manages .187  m i l l i o n  a c r e s  i n  
4 1  s t a t e s  and  P u e r t o  R i c o ,  c o n s i s t i n g  o f  1 5 5  n a t i o n a l  
f o r e s t s  and 1 9  n a t i o n a l  g r a s s l a n d s .  
The F o r e s t  S e r v i c e  c o o p e r a t e s  w i t h  t h e  s t a t e s  a n d  
w i t h  p r i v a t e  l a n d o w n e r s  i n  f o r e s t - f i r e  c o n t r o l ,  
f o r e s t - p e s t  c o n t r o l ,  f o r e s t  management, and  f l o o d  
p r e v e n t i o n .  
The r e s e a r c h  o r g a n i z a t i o n  o f  t h e  F o r e s t  S e r v i c e  i s  
s t r u c t u r a l l y  i n d e p e n d e n t  o f  t h e  o t h e r  two p a r t s  o f  
t h e  a g e n c y ' s  o r g a n i z a t i o n .  ~ i g h t  r e g i o n a l  f o r e s t  
e x p e r i m e n t  s t a t i o n s  c o n d u c t  r e s e a r c h  on p r o b l e m s  o f  
l o c a l  i m p o r t a n c e  i n  t h e i r  r e g i o n s .  * *  
The S o i l  C o n s e r v a t i o n  S e r v i c e  
The S o i l  C o n s e r v a t i o n  S e r v i c e  was c r e a t e d  by t h e  
S o i l  C o n s e r v a t i o n  A c t  o f  1935 ( 4 9  S t a t .  1 6 3 ;  
* A l b e r t  C .  W o r r e l l ,  P r i n c i p l e s  o f  ' F o r e s t  P o l i c y ,  
(New York: McGraw-Hill Book Company, 1 9 7 0 ) ,  p .  182-183.  
* *  I b i d . ,  p .  1 8 3 .  
U.S.C. 590 a-f). The agency has the responsibility 
of developing and performing a national soil and 
water conservation program. The present programs 
of the S C.S. include (1) conservation operations, 
(2) rivvr basin surveys and investigations, 
(3) watershed planning, ( 4 )  watershed and flood 
prevention operations, ( 5 )  Great Plains Conservation 
program, ( 6 )  Resource Conservation and Development 
Program. * 
a The statistical ~eporting Service 
The Statistical Reporting Service ( S . R . S  .) , 1 . two 
main statistical functions: (1) prepare cro . - I .  3 
livestock estimates, reports of productL~n, - 1  . ' y ,  
price and other matters, ( 2 )  set and maintain , '  
quality of statistical work for all the agencies 
within the u . S . D . A .  
Tennessee Valley Authority 
The TVA is an Authority established by an act of 
Congress on May 18, 1933 (48 Stat. 58; 16 U.S.C. 831-831 dd). 
This Authority, a government owned corporation, is concerned 
with conducting a "unified program of resource conservation, 
development, and use, to advance the economic development of the 
Tennessee Valley region.** Among the other activities of the 
TVA including river control and hydroelectric power, are the 
research and development programs in forestry, fish, wildlife, 
and watershed protection in the Tennessee Valley tributory 
system. 
* General Services Administration, United States Government 
Manual (Washington: Government Publication Office, 19731, 
p. 118-119. 
* *  Ibicl., p. 556. 
APPENDIX C: 
SUMMARY OF APPLICABLE FEDERAL STATUTES 
Table 4 o n  p a g e  C-2 l i s t s  t h e  f ede ra l  s t a t u t e s  
p e r t i n e n t  t o  xemote s e n s i n g  of f o r e s t ,  r angeJ .ands ,  and w i l d l i f e  
area. 
T a b l e  4 P e d e t a l  S t a t u t e 8  P e r t i n e n t  To Remote S e n r i n g  o f j  
l o r e r t s ,  Range landr . and  W i l d l i f e  
... . 
C l a s s i f i c a t i o n  
1 
Name o f  F e d e r a l  S t a t u t r  
Endangered  S p e c i o s  Act 
N a t i o n a l  Resource  Lands 
Managorient A c t  ( S t i l i  
Pend ing)  
F o r e s t  and Rangeland 
Env i ronmen td l  Munagcmcnt 
A c t  
Land and Water Conscxva- 
t I o n  Fund Ac t  
W i l d c r n e n ~  Law 
A 
Date  
1973  
1974 
1964  
1964  
Agcncy 
A f  f e c t e u  
D I  
B L1.1 
. . 
U S D A  - 
F o r e s t  
S e r v i c e  
DI 
D I 
Cornmen t s 
I n v e s t i g a t i o n  and 
i n v e n t o r y  o f  c e r t a i n  
s p e c i o s  
I n v e n t o r y  o f  BLM Lands  
. 
C o o r d i n a t i o n  o f  manage- 
ment .  E x t e n d s  r e r p o n -  
s i b i l i t i e s  o f  rs t o  / 
c o o r d i n a t e  management 
o f  f o r e s t  and r a n q e  1 
r e s o u r c e s  o n  m u l t i p l e -  1 
u s e  b a s i s .  Amnonds- i 
McSueoney-McNary Act ' 
o x t e n d  P u r e s t  S u r v e y  
A c q u i s i t i o n  of  
r e c r e a t i o n  a r e a s  
- O  i 
S e t t i n g  a s i d e  l a n d  fox 
w i l 2 e r n e o : ~  
- 
t -.. - 
t a b l e  4 h d e r a l  S t a t u t e .  P e r t i n e n t  To Remote ~ e a s i a g  of 
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I n c l u d e s  f o r e s t  r e s e e r c :  
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USDh 
USDA 
Bureau 
of sport 
F i s l t e r i e s  
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l i f e  D I  
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APPENDIX Dr 
THE RESOURCES AND THEIR VALUE 
The many and  v a r i o u s  economic  r e s o u r c e s  o f  t h e  U n i t e d  
S t a t e s  f o r e s t s ,  r a n g e l a n d s ,  a n d  w i l d l i f e  areas c a n  be g r o u p e d  
i n t o  s e v e r a l  classes. One c h a s s  c o v e r s  t i m b e r  and  l i v e s t o c k  
f o r a g e  a s  c o m m e r c i a l  p r o d u c t s .  O t h e r s  are s o i l ,  w a t e r ,  w i l d l i f e ,  
and  r e c r e a t i o n .  The a p p l i c a t i o n  of c o n v e n t i o n a l  t e c h n i q u e s  of 
economic  t h e o r y  is c o m p a r a t i v e l y  e a s y  w i t h i n  t h e  f i r s t  class, 
w h i l e  q u a n t i t a t i v e  t r e a t m e n t  o f  r e s o u r c e s  o f  the  o t h e r  classes 
i s  more d i f f i c u l t .  Water i s  a n  i m p o r t a n t  o u t p u t  o f  t h e  f o r e s t s ,  
r a n g e l a n d s ,  a n d  w e t l a n d s ,  b u t  it i s  t r e a t e d  as  a s e p a r a t e  m a j o r  
r e s o u r c e  c a t e g o r y  i n  t h i s  s t u d y  ( R e s o u r c e  A r e a  31 S e e  Volume v ) .  
Our q u a n t i t a t i v e  e v a l u a t i o n  of t h e  t i m b e r  a n d  f o r a g e  
r e s o u r c e s  w i l l  be b a s e d  o n  c a p i t a l i z a t i o n  o f  t h e i r  o u t p u t s  
t h r o u g h  t i m e .  T h u s ,  w e  a r e  r e g a r d i n g  t h e  r e s o u r c e s  a s  c a p i t a l  
a s s e t s ,  which  p r o d u c e  economic  o u t p u t s  i n  r e s p o n s e  t o  s p e c i f i c  
i n p u t s ,  a n d  are  v a l u e d  on  t h e  basis  o f  t h i s  c o n t i n u e d  p r o d u c t i o n .  
T h i s  p r o c e s s  i s  d e s c r i b e d  by a p r o d u c t i o n  f u n c t i o n .  
F o r  t h e  t imber  r e s o u r c e ,  t h e  i n p u t s  t o  t h s  p r o d u c t i o n  
f u n c t i o n  i n c l u d e  t r e e  p l a n t i n g ,  p r o t e c t i o n  f rom f i r e  a n d  i n s e c t  
damage, and  r o a d  b u i l d i n g ,  among o t h e r s .  The o u t p u t s  a r e  
p r i m a r i l y  saw t i m b e r  a n d  pulpwood.  A s  w i t h  o t h e r  c a p i t a l  assets ,  
t h e  m a j o r  i n v e s t m e n t s  a r e  o f t e n  made c o n s i d e r a b l y  b e f o r e  t h e  
c o r r e s p o n d i n g  r e t u r n s  a re  g e n e r a t e d .  The t i m e  i n t e r v a l  be tween  
t ree  p l a n t i n g  a n d  h a r v e s t ,  f o r  i n s t a n c e ,  may b e  w e l l  o v e r  
50 y e a r s .  N e v e r t h e l e s s ,  management f o r  s u s t a i n e d  p r o d u c t i o n  may 
r e s u l t  i n  a " s t e a d y  s t a t e "  s o  t h a t  a n n u a l  i n v e s t m e n t s  and r e t u r n s  
r e m a i n  c o n s t a n t  o v e r  a l o n g  p e r i o d .  I n  t h i s  s e c t i o n ,  where  o u r  
c o n c e r n  i s  w i t h  t h e  g e n e r a l  s t r u c t u r e  o f  t h e  r e s o u r c e  v a l u e s  a n d  
t h e  way t h a t  i n f o r m a t i o n  a f f e c t s  t h o s e  v a l u e s ,  w e  d e c r i b e  t h e  
r e s o u r c e s  as  i f  t h e y  w e r e  managed i n  t h e  - s t e a d y  s t a t e "  f a s h i o n .  
F o r  t h e  r a n g e l a n d  r e s o u r c e ,  t h e  o u t p u t  o f  t h e  p r o d u c t i o n  
f u n c t i o n  is  l i v e s t o c k  f o r a g e ,  a n d  t h e  i n p u t s  are o f  many k i n d s .  
S e v e r a l  o f  them are r e s e e d i n g ,  b r u s h  c o n t r o l ,  w a t e r  h o l e  
d e v e l o p m e n t ,  a n d  f e n c e  b u i l d i n g .  
F i g u r e  2 (on p a g e  D-2) c o n t a i n s  a d i a g r a m  o f  t h e  
p r o d u c t i o n  f u n c t i o n s  f o r  t h e  t i m b e r  and f o r a g e  r e s o u r c e s .  
N a t u r a l  r e s o u r c e s ,  s u c h  a s  t i m b e r  and  f o r a g e ,  d i f f e r  
from many o t h e r  c a p i t a l  a s s e t s  i n  t h e  f o l l o w i n g  two ways. F i r s t ,  
s u r v e y  and i n v e n t o r y  i n f o r m a t i o n  i s  an a b s o l u t e  r e q u i r e m e n t  f o r  
t h e i r  p r o d u c t i o n  o f  o u t p u t ,  and  s e c o n d ,  t h i s  i n f o r m a t i o n  t e n d s  
t o  be e x p e n s i v e .  C o n c e r n i n g  t h e  need  f o r  s u c h  i n f o r m a t i o n - -  
how much o f  wha t  i s  w h e r e - - i t  i s  c l e a r  t h a t  o n e  c a n n o t  e v e n  
h a r v e s t  a t r e e  u n l e s s  o n e  c a n  f i n d  i t ,  b u t  to  manage c o n t i n u e d  
p r o d u c t i o n ,  it i s  v i t a l  t o  know where  n e x t  y e a r ' s  t rees are 
growing  as w e l l  a s  t h i s  year's. The r e q u i r e d  i n f o r m a t i o n  is 
e x p e n s i v e  p r i m a r i l y  b e c a u s e  t h e  r e s o u r c e s  are s p r e a d  o u t  
g e o g r a p h i c a l l y  a n d  c a n n o t  b e  moved. 
To c o r r e c t l y  d e s c r i b e  t h e  g e n e r a l  s t r u c t u r e  of t i m b e r  
and f o r a g e  r e s o c r c e  v a l u e ,  w e  mus t  r e c o g n i z e  t h a t  i n f o r m a t i o n  
o f  t h e  s u r v e y  a n d  i n v e n t o r y  t y p e  i s  o n e  o f  t h e  n e c e s s a r y  i n p o r t s  
t o  t h e  p r o d u c t i o n  f u n c t i o n ,  and a correct v a l u a t i o n  r u s t  
i n c l u d e  c o n s i d e r a t i o n  o f  i t s  c o s t .  
R e t u r n s  (Outputs) 
P l a n t i n g  
Sawt imber  
Improvements  
RESOURCE Pulpwood 
S u r v e y  and / 
I n v e n t o r y  
S e e d i n g  
F o r a g e  f o r  
Improvements  -> Fl I , ives toclc  
RESOURCE 
S u r v e y  and / 
I n v e n t o r y  
F i g u r e  2 P r o d u c t i o n  F u n c t i o n s  f o r  Timber 
and  F o r a g e  
Survey and inventory information is an input to the 
production function, but does not in itself change  the 
production function. k t ~ o l h e r  k i c d  cf !nformation does c:.ange 
tho production function, making it possible to get more ourpui 
for a given set of inputs. For example, information on where 
the forests grow best permits concentration of harvest and 
reforestation in that area, thus increasing the total production 
resulting from a given investment. Similarly, information on 
the relative efficiency of various practices can lead to 
improved management and thus a change in the production function, 
It is clear that in this kind of analysis, the concept of 
production function includes the state of knowledge of the 
manager of the resource and the institutional and other 
constraints on his behavior. That is, we are describing the 
manager's knowledge of how to produce and his ability to apply 
it, not necessarily the biological potential of the resource. 
Accordingly, in some cases the production function can be 
significantly changed simply by the communication of agricultural 
research results to a resource manager. However, the production 
function will not be changed by the existence of the research 
results unless they are communicated to a manager. 
"Research informationa is a good general name for the 
type of information that changes the production function, 
Investment in research information is an important aspect of 
the economics of forest and rangeland protection and use. We 
have noted that information of the survey and inventory type 
is not research information, but we must also note that it is 
a very valuable input in generating such information. For 
example, statistics on annual forest growth by region or on 
rangeland trend by region can be derived from inventory infor- 
mation obtained at different times, and analysis of these 
statistics may lead to significant changes in management plans. 
This analysis is essentially a research activity since it may 
improve efficiency of production, but it is based on statistics 
which are produced from survey and inventory information. The 
two uses of survey and inventory information (as input to the 
production function, and as input to the research process) are 
diagrammed in Figure 3 @age D-4) : 
- - . *  
The appropriate level of investment in survey and 
inventory information is an important and difficult question. 
With enterprises not involving natural resources, it is often 
feasible and economical to obtain essentially complete 
information on the location and relevant characteristics of the 
productive assets. With the forests and rangelands, ncompleten 
information is prohibitively expensive, if possible at all. 
However, considerable information of this type is absolutely 
essential fox sustained yield and protection of the resource. 
In this situation it is clearly important that the decision on 
t h e  l e v e l  o f  i n v e s t m e n t  i n  i n f o r m a t i o n  and  t h e  means o f  o b t a i n i n g  
it b e  g i v e n  c a r e f u l  s t u d y .  
The descilptfon af the? timber and  f o r a g e  r e s o u r c e s  by 
p r o d u c t i o n  f u n c t i o n s ,  w i t h  t h e  a s s u m p t i o n  of " s t e a d y  s ta tem 
management leads t o  r o u g h  n u m e r i c a l  v a l u a t i o n  of t h e s e  
r e s o u r c e s .  '20 c a l c u l a t e  it, w e  s u b t r a c t  t h e  p r e s e n t  v a l u e  o f  
t h e  i n v e s t m e n t s  f rom t h e  p r e s e n t  v a l u e  o f  t h e  r e t u r n s .  
9 t h e r  I n p u t s  Economic V a l u e  
P r o d u c t i o n  
Survr  y arrcl I n v e n t o r y  F u n c t i o n  
I n f o r m a t i o n  R e s e a r c h  
I n f o r m a t i o n  
R e s e a r c h  O t h e r  I n p u t s  
~ i & r e  3  I n f o r m a t i o n  Types .  R e s e a r c h  I n f o r m a t i o n  
Changes  t h e  P r o d u c t i o n  F u n c t i o n  
Timber  and F o r a g e  Va lu .a t ion  
C u r r e n t  a n n u a l  h a r v e s t s  o f  t i m b e r  i n  t h e  U n i t e d  S t a t e s  
a re  a b o u t  $7.5 b i l l i o n  c u b i c  f e e t  o f  s a w  t i m b e r  and  $5.6 b i l l i o n  
c u b i c  f e e t  o f  pulpwood.* P r i c e s  f o r  s a w  t i m b e r  a v e r a g e  n e a r  
$60 p e r  t h o u s a n d  b o a r d  f e e t  w h i l e  pulpwood prices are  a b o u t  
$3  per cord .**  Thus ,  t h e  c u r r e n t  a n n u a l  t i m b e r  o u t p u t  h a s  a  
v a l u e  o f  a b o u t  
7 .5  b i l l i o n  c u - f t .  2: $ 6 0 / t h o u s . b d . f t .  x 1 2  b d . f t . / c u . f t .  
1 2  c o r d  + 5.6 b i l l i o n  c u . f t .  x $ 3 / c o r d  x 500 c u . f t .  
= $5.8 b i l l i o n .  
* 1970 d a t a  f rom The O u t l o o k  f o r  Timber  
* *  Summer, 1974 
Estimated costs of forest protection, planting, and improvements 
total near $0.8 billion per year, broken down by investment 
class in Table 5 on page D-6. 
The total annual costs of United States forest survey 
and inventory information is near $40 million. 
Thus, the net annual output of the forests is about 
$5.8 billion - $0.9 billion or $4.9 billion. The present value 
(at 10 percent) of a cash flow to infinity comprised of 
$4.9 billion per year is $49 billion. Accordingly, we can say 
that the economic value of the United States timber resource as 
e productive asset is on the order of $50 billion. Of course, 
we could replace the steady-state assumption with projections 
of the data used to derive this figure into the future, and 
this would lead to a different value--probbbly much larger. 
But the calculation as given serves to establish perspective 
and show the general structure of value for the timber resource. 
It is interesting to compare the $50 billion figure 
with the uvalue" calculated by multiplying timber prices by 
inventory volumes. Total United States commercial timber 
volume is about 715 billion cubic feet consisting of 
651 billion cubic fest of saw timber and 64 billion cubic feet 
suitable for pulp. At $60 per thousand board feet for saw 
timber and $3 per cord of pulpwood, the inventory value is 
about $475 billion. The wide discrepancy between the forest 
valuation based on current production and that based on price 
of inventory is an indication that values other than timber 
are implicitly recognized, and that greater timber outputs 
under current management procedures would impair these values. 
Non-timber outputs of the commercial timberlands can be 
included in the steady state model, In fact, the Multiple-use 
Sustained-Yield Act and more recent legislation define a 
policy for use of the National Forest System which calls for 
operation producing steady state outputs of benefits, 
specifically including esthetics, public access, wildlife 
habitat, and recreational and wilderness use. 
In the description of the forests by a production 
function, we can add an output called "non-timber valuen. Let . 
T be the annual net value of the timber output (calculated 
above as $4.9 billion), and let N be the annual additional 
value output of the non-timber classification. Let L be the 
timber "liquidation" value (price times inventory volume, 
calculated above as $475 billion). By the steady state assump- 
tion, the quantities L, T, and N are related in a sustainable 
way. That is, the resource is able to continue to produce 
benefits T and N from the "capital" L. We further assume that 
L C 
Table 5 Annual Ynvestments for production 
of Timber Output . 
Investment Class 
Forest Fire 
Protection 
Insect and Disease 
Control 
Tree Planting 
Timber Stand 
Improvement 
Road Construction 
and Maintenance 
Totals 
Amount, $ Millions 
(1970) 
3 2 0  
12 
8 5  
25  
4 0 0  
8 4 2  
Source: U.S. Forest Service, Outlook for Tiu.ber 
in the United States, (Washington, D.C.: 
Government Printing Office, 1973) 
Chapter 11. 
t h e  p a r t i c u l a r  s t e a d y  s t a t e  which e x i s t s  is  o p t i m a l .  T h a t  is ,  
t h e  sum o f  t h e  p r e s e n t  v a l u e  o f  t h e  f l ows  t o  i n f i n i t y  o f  T  and N 
would n o t  be  i n c r e a s e d  by changing  t h e  s i z e  L  o f  t h e  c a p i t a l  
asset th rough  a d d i t i o n a l  c u t t i n g  o r  t h rough  a d d i t i o n a l  
f o r e s t a t i o n .  When c o n s i d e r i n g  t h e s e  h y p o t h e t i c a l  a d d i t i o n a l  
a c t i v i t i e s ,  we r e g a r d  them a s  one- t ime a l t e r a t i o n s ,  l e a v i n g  
t h e  sys tem i n  a  new s t e a d y  s t a t e .  The p o i n t  i s  t h a t  t h e  
a l t e r n a t i v e  s t e a d y  s t a t e s  a r e  n o t  more d e s i r a b l e  t h a n  t h e  
e x i s t i n g  one.  I n  a l l  t h i s  d i s c u s s i o n ,  w e  a r e  assuming  t h e  
p r o d u c t i o n  f u n c t i o n  i s  n o t  changed.  I f  it were, t h e n  w e  would 
e x p e c t  a  new l e v e l  o f  L would be  o p t i m a l .  Looking a t  t h e  way 
i n  which T and N are a f f e c t e d  by s m a l l  p e r t u r b a t i o n s  i n  L (due  
t o  one- t ime c u t t i n g ,  f o r e s t a t i o n ,  o r  a b s t e n t i o n  from s t e a d y  
s t a t e  h a - v e s t ) ,  w e  c a n  make a u s e f u l  q u a n t i t a t i v e  s t a t e m e n t  o f  
t h e  assumpt ion  o f  o p t i m a l i t y .  If qt and V are t h e  p r e s e n t  
n  
v a l u e s  o f  t h e  s t r e a m s  o f  t i m b e r  and non-t imber  o u t p u t s  
r e s p e c t i v e l y ,  t h e  s t a t e m e n t  i s  
So t h a t  L  c a n  be  used as e v a r i a b l e  w i t h o u t  c o n f u s i o n ,  Lo 
d e n o t e s  t h e  c u r r e n t  ( o p t i m a l )  v a l u e  o f  L. 
i s  e a s i l y  e v a l u a t e d .  A n  a d d i t i o n a l  c u t t i n g  of  v a l u e  h  
produces  a  c a s h  f l ow  o f  h  i n  t h e  c u r r e n t  y e a r  and  a d e p l e t i o n  
o f  t h e  growing s t o c k  by t h e  same amount. The y i e l d  i n  l a t e r  
m 
y e a r s  becomes (Lo - h )  i n s t e a d  o f  T. The a n n u a l  l o s s  i s  
Lo 
t h u s  - Th , and t h e  change i n  VT i s  
Lo 
Thus 
C o n s i d e r i n g  now t h e  impac t  on t h e  non- t imber  v a l u e s  
o f  r e d u c i n g  L, it must be  r ecogn ized  t h a t  s o c i e t y  h a s  
demons t r a t ed  a  c l e a r l y  n o n l i n e a r  v a l u e  f u n c t i o n  f o r  such  
values. When L was very large, timber usage was permitted to 
dominate, resulting in partial liquidation of the resource 
(decrease in L f .  Liquidation beyong L is so strongly opposed 
0 
that the current steady state operation is maintained, This 
general behavior is most simply described by a non-timber value 
model which assigns diminishing marginal value to these outputs 
as L increcses. We use the formula 
where A and B are constants to be determined. A is not impor- 
tant for the implications of the model since one"dea1s only with 
differences in V associated with variations in L. However, it 
. - N 
can be set at a convenient conventional value. Using the 
convention that when L = 
=o 
(all units of the non-timber value 
are priced at the marginal value corresponding to L = Lo), one 
obtains 
so that 
The description of the steady state (Equation (1)) is 
used to find B. Differentiating (3) gives 
substituting this in (11, 
At L = Lo, this becomes (using (2)) 
t h a t  B = Lo 
- 
Now t h e  v a l u e  f r a c t i o n  o f  E q u a t i o n  ( 3 )  becornea 
= (Lo - VT (Lo) )  (1 - 1, Lo + l o g  L) 
P a r t i c u l a r l y  i n t e r e s t i n g  i s  t h e  c h a n g e  i n  V c o r r e s p o n -  N 
d i n g  to  " e r r o r s Y  i n  L. S i n c e  t h e  s t e a d y  s t a t e  o p t i m a l  l e v e l  i s  
Lo ' a  v a l u e  o t h e r  t h a n  Lo is a n  " e r r o r . "  S i n c e  it is c o n v e n i e n t  
t o  work w i t h  p e r c e n t a g e s ,  t h i s  e r r o r  is  d e n o t e d  by 
. , The c h a n g e  i n  t h e  non- t imber  v a l u e s  d u e  t o  t h e  e r r o r  e i s  
V ~ ( L I  - V ~ ( L J  = (Lo - v ~ ( L ~ . ) ) ( ~  + l n  (1 + e)) 
- (Lo - VT(L0)) 
= (Lo - VT (Lo) ) I n  (1 + e )  . 
The change  i n  t h e  t i m b e r  v a l u e s  is  
The n e t  change  is  t h e  sum o f  t h e s e ,  o r  
VT ( L o )  
L (1 - 
o 1 (In (1 + e )  - e ) ) .  Lo 
I t  i s  c o n v e n i e n t  t o  w r i t e  V (L ) i n  terms o f  t h e  s t e a d y  T  0 
s t a t e  a n n u a l  o u t p u t  which d e t e r m i n e s  i t .  I f  r i s  t h e  d i s c o u n t  
r a t e  (we u s e  1 0  p e r c e n t ) ,  V T ( L o )  = - SO t h e  n e t  change  c a n  b e  
w r i t t e n  r ' 
- e). 
i s  j u s t  t h e  a n n u a l  p r o d u c t i o n  r a t e  o f  t i m b e r  v a l u e .  D e n o t i n g  
Lo 
t h i s  r a t e  by p ,  t h e  n e t  v a l u e  c h a n g e  becomes 
P 
=o 
(1 - ;) ( I n  (1 + e )  - e l .  * *  
S i n c e  L V ( L  ) + V N ( L o )  , t h e  p r o d u c t  o f  t h e  s e c o n d  
0 T  0 
two f a c t o r s  c a n  b e  r e g a r d e d  as t h e  f r a c t i o n a l  c h a n g e  i n  
commerc ia l  t i m b e r l a n d  v a l u e  d u e  t o  a  h a r v e s t i n g  e r r o r  e ,  where  
t h e  v a l u e  i n c l u d e s  t imber  and  t h e  non- t imber  v a l u e s .  The 
q u a n t i t y  (1 - ) i s  r e l a t e d  t o  t h e  b i o l o g i c a l  p r o d u c t i v i t y  o f  
t h e  t i m b e r l a n d  and  t o  t h e  i n t e n s i t y  o f  t imber management. 
The q u a n t i t y  p ,  t h e  r a t i o  o f  a n n u a l  y i e l d  t o  i n v e n t o r y  
volume,  i s  t y p i c a l l y  much less  t h a n  1 0  p e r c e n t .  T h i s  i s  t r u e  
even  u n d e r  t h e  most  i n t e n s i v e  management c u r r e n t l y  p r a c t i c e d ,  
and even  on  t h e  mos t  p r o d u c t i v e  l a n d s .  T h i s  f a c t  a b o u t  t i m b e r  
p r o d u c t i o n  i s  v e r y  s i g n i f i c a n t .  I t  i m p l i e s  t h a t  t i m b e r  v a l u e s  
a l o n e  d o  n o t  j u s t i f y  t h e  s u s t a i n e d - y i e l d  c o n c e p t ,  and  t h i s  
would b e  t r u e  e v e n  i f  t i m b e r  p r i c e s  i n c r e a s e d  s u b s t a n t i a l l y  
( b e c a u s e  s u c h  a n  i n c r e a s e  d o e s  n o t  a f f e c t  t h e  r a t i o  . The 
o p t i m a l  c u t t i n g  p o l i c y  b a s e d  on  t i m b e r  v a l u e s  a l o n e  i s  t o  
l i q u i d a t e  t h e  i n v e n t o r y ,  i n v e s t i n g  t h e  p r o c e e d s  i n  o t h e r  a c t i v i t i e s  
which c a n  y i e l d  1 0  p e r z e n t  o r  more p e r  y e a r .  The h i s t o r y  o f  
c o n f l i c t  btGtween t h e  l o g g i n g  i n d u s t r y  and thf .  d e f e n d e r s  of  t h e  
f o r e s t s  f o r  v a r i o u s  n o n - t i m b e r  u s e s  b e a r s  o u t  t h e  truth o f  t h i s  
s t a t e m e n t .  
VN (Lo 
The q u a n t i t y  (1 - P, r i s  e q u a l  t o  , t h e  n o n - t i m b e r  
Lo 
f r a c t i o n  o f  t h e  t o t a l  commerc ia l  t i m b e r l a n d  v a l u e .  O f  c o u r s e  
i t  i s  a t  i t s  g r e a t e s t  where  p i s  s m a l l .  
* In = n a t u r a l  l o g  
* *  I n  = n a t u r a l  l o g  
C u r r e n t l y  t h e  a n n u a l  p r o d u c t i o n  o f  l i v e s t o c k  f o r a g e  o n  
t h e  U n i t e d  S t a t e s  r a n g e l a n d s  i s  a t o u t  215 m i l l i o n  A U M  ( a n i m a l  
u n i t  mon ths  -- t h e  amount  o f  f o r a g e  consumed by o n e  cow i n  o n e  
m o n t h ) .  T h i s  f o r a g e  i s  n o t  i t s e l f  a  t r a d e d  commodi ty ;  i t  i s  
c o n v e r t e d  i n t o  economic  v a l u e  a n l y  t h r o u g h  t h e  l i v e s t o c k  whose 
g r o w t h  i t  s u p p o r t s .  An e s t i m a t e  o f  t h e  v a l u e  o f  a n  AUM o f  
f o r a g e  i s  p r o v i d e d ,  h o w e v e r ,  by t h e  p r i c e  o f  t h e  e q u i v a l e n t  
n u t r i e n t  v a l u e  i n  t h e  n e a r e s t  s u b s t i t u t a b l e  commodi ty ,  w h i c h  i s  
h a y .  Hay p r i c e s  a r e  a b o u t  $35 p e r  t o n ,  a n d  a t o n  o f  h a y  p r o v i d e s  
f e e d  v a l u e  e q u i v a l e n t  t o  - 8 2  AUM. T h u s ,  t h e  v a l u e  o f  f o r a g e  4 5  
i s  a b o u t  $19 p e r  AUM,  a n d  t h e  c u r r e n t  n a t i o n a l  f o r a g e  o u t p u t  i s  
w o r t h  a b o u t  215  x $19 m i l l i o n  o r  a  l i t t l e  o v e r  $4 b i l l i o n .  The 
i n v e s t m e n t s  i n  t h e  l a n d  r e q u i r e d  t o  p r o d u c e  t h i s  o u t p u t  i n c l u d e  
f e n c i n g ,  s e e d i n g ,  f e r t i l i z a t i o n ,  i r r i g a t i o n ,  weed c o n t r o l ,  a n d  
i n s e c t  a n d  d i s e a s e  c o n t r o l ,  among o t h e r s .  T o t a l  a n n u a l  l a n d  
i n v e s t m e n t s  a v e r a g e  a b o u t  $860 m i l l i o n .  R a n g e l a n d  s u r v e y  a n d  
i n v e n t o r y  c o s t s  h a v e  b e e n  e s t i m a t e d  as  $ 2 7 0 , 0 0 0  p e r  y e a r . *  
S i n c e  t h i s  f i g u r e  i s  b a s e d  p r i m a r i l y  o n  d a t a  o n  a e r i a l  p h o t o -  
g r a p h y  e x p e n d i t u r e s  c o l l e c t e d  by  F r a n k  a n d  H e i s $ * *  i n  1 9 6 8 ,  
c u r r e n t  c o s t s  a r e  p r c h a b l y  c l o s e r  t o  $ 4 2 0 , 0 0 0  p e r  y e a r .  
Combining  t h e s e  i n f o r m a t i o n  c o s t s  w i t h  t h e  i n v e s t m e n t s  i n  t h e  
l a n d ,  we o b t a i n  t o t a l  a n n u a l  c o s t s  o f  $1 .3  b i l l i o n  f o r  p r o d u c i n g  
t h e  U n i t e d  S t a t e s  f o r a g e  o u t p u t .  
The n e t  a n n u a l  o u t p u t  o f  t h e  f o r a g e  r e s o u r c e  i s  t h u s  
a b o u t  $4 .0  b i l l i o n  m i n u s  $ 1 . 3  b i l l i o n  o r  $2 .7  b i l l i o n .  
C a p i t a l i z i n g  t h i s  a n n u a l  f l o w  a t  1 0  p e r c e n t  a n n u a l  i n t e r e s t ,  w e  
o b t a i n  a r e s o u r c e  v a l u e  o n  t h e  o r d e r  o f  $30  b i l l i o n .  A s  w i t h  
t h e  t i m b e r  r e s o u r c e ,  a  d i f f e r e n t  f i g u r e  would  b e  o b t a i n e d  i f  t h e  
i n p u t s  a n d  o u t p u t s  w e r e  p r o j e c t e d  a c c o r d i n g  t o  t r e n d s  i n  
demands  a n d  p o l i c i e s ,  b u t  t h i s  r o u g h  es t imate  s e r v e s  t o  e s t a b l i s h  
p e r s p e c t i v e .  
The  a b o v e  v a l u a t i o n  o f  t h e  f o r e s t s  a n d  r a n g e l a n d  a s  
p r o d u c e r s  o f  c o m m e r c i a l  p r o d u c t s  shows t h a t  t h e y  a re  e n o r m o u s l y  
v a l u a b l e .  Of c o u r s e  i t  i s  p o s s i b l e  t o  e s t i m a t e  a d d i t i o n a l  
e c o n o m i c  v a l u e s  a s s o c i a c e d  w i t h  r e c r e a t i o n  a n d  w i l d l i f e .  I n  t h e  
c a s e s  where  c o m m e r c i a l l y  u s e f u l  t i m b e r l a c L  h a s  b e e n  w i t h d r a w n  
f o r  o t h e r  u s e s ,  i t  is  c l e a r  t h a t  t h e  i m p l i e d  v a l u e  i s  a t  l e a s t  
a s  g r e a t  a s  it  wou ld  b e  u n d e r  t i m b e r  u s e .  S i m i l a r l y ,  w h e r e  
r e s i d e n t i a l  o r  i n d u s t r i a l  u s e  of w e t l a n d s  i s  p r e v e n t e d  t o  main-  
t a i n  w i l d l i f e  a n d  w a t e r  v a l u e s ,  a t  l e a s t  a n  e q u i v a l e n t  v a l u e  i s  
i m p l i c i t l y  a t t r i b u t e d  t o  t h e s e  r e s c u r c e s .  
- 
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